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An Analysis of Direct Cortical Response 


By 
Hisao Suzuki and Norio Taira 
(ra HK ¥ A) 4) 
From the Physiological Laboratory of Prof. K. Motokawa, 
Tohoku University, Sendai 


(Received for publication, March 5, 1959) 


INTRODUCTION 


In the previous investigation!’ the direct cortical response was recorded 
in various cortical regions of the rabbit. It was found that the response 
was a positive-negative potential in regions in which layer IV was well 
developed, and a simple surface-negative one in regions in which layer IV 
was poorly developed or almost lacking. 

The present experiments were performed to obtain further information 
about the neuronal processes concerning the response. For this purpose 
the behavior of the response was investigated to asphyxia, mechanical 
pressure, hypothermia and paired stimuli. 


EXPERIMENTAL 


Method 


Rabbits were used exclusively. The detailed experimental procedures 
and apparatus were essentially the same as those described previously” 
except for the following. 

In the experiments on the effect of asphyxia the anesthetized animal 
was immobilized by an adequate dose of Succin (succinylcholine chloride) 
given intravenously and the respiration was maintained artificially through 
the cannulated trachea. Asphyxia was produced by cessation of artificial 
respiration. 

In the experiments on the effect of mechanical pressure a pick-up 
electrode of ball-tipped silver wire about 100 ~ in diameter was used. 
Mechanical pressure was exerted on the cortex by pressing the pick-up 
electrode vertically against the pia mater. 

The temperature of the cortex was changed either directly by flooding 
the cortical surface with Ringer’s solution or indirectly by circulating 
water of various temperatures through a circular tube set on the exposed 
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cortex so as to involve recording and stimulating sites within the circle. 
The temperature of the cortex was measured with a thermocouple set in the 
vicinity of the pick-up and stimulating electrodes on the cortical surface. 
In the case of direct irrigation of the cortical surface pick-up and stimulating 
electrodes were used which consisted of silver wire of about 100 « diameter 
insulated save tips. 


Results 


As described previously,!’ three different types of direct cortical res- 
ponses to maximal stimuli were distinguished according to their forms: 
(i) a simple surface-negative potential (N), (ii) a positive-negative one 
(PNI) and one more type of positive-negative one (PNII). The N, PNI 
and PNII are illustrated schematically in Fig. 1. The PNI and the PNII 


N PNI PNII 


JN 


| lo 
2 


Fig. 1. Schematic representation of N, PNI and PNII (see text). / and 2: 
positive spikes. In this and subsequent figures upward deflection denotes 


negativity. 


differed from each other in that two positive spikes / and 2 were super- 
imposed on the earlier phase of the initial positive wave of PNI, while one 
or two spikes / and 2 preceded the initial positive wave of PNII. The N 
was obtained in regio praecentralis and area retrosplenialis granularis 
dorsalis of Rose.?) The PNI was limited to area striata. The PNII was 
distributed over regio postcentralis and regio parietalis. 


Effect of asphyxia 
During progressive asphyxia produced by cessation of artificial respira- 
tion the N was completely abolished in about 1.5 minutes (left column of 
Fig. 2), and when artificial respiration was resumed immediately after 
abolition the response recovered completely in about 2 minutes (right 


column of Fig. 2). 

In Fig. 3 are shown the changes in the PNII during progressive as- 
phyxia (left column) and recovery (right column). The negative wave 
of the PNII began to reduce its amplitude in about 1.5 minutes after 
cessation of artificial respiration and was completely abolished in about 
2 minutes. This rate of abolition of the negative wave was comparable 
to that of the N and may be compared to that obtained by Chang* for 
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Fig. 2. Records of Ns taken during asphyxia (left column) and recovery 
(right column). ‘Times from cessation and onset of artificial respiration are 
indicated on left of records. Vertical bar: 1 mV. Horizontal bar: 20 msec. 

Fig. 3. Records of PNIIs taken during asphyxia (left column) and re- 


covery (right column). Other conditions are the same as in Fig. 2 


the so-called dendritic potential. The positive wave began to reduce its 
amplitude simultaneously with the negative one in about 1.5 minutes, but 
was still perceived even after the entire disappearance of the negative one. 
Its complete abolition was attained in about 3 minutes. During the course 
of recovery the positive wave reappeared about 15 seconds after the be- 
ginning of artificial respiration, while the negative one began to recover in 
about 2 minutes. Both the positive and the negative waves recovered 
completely in about 3 minutes. The positive and negative waves of the 
PNI behaved very much like those of the PNII during asphyxia and re- 
covery. 

Difficulty in controlling asphyxia produced by cessation of artificial 
respiration brought about some variation in the rate of deterioration and 
recovery. Nevertheless, such a definite difference as observed above 
could be found between the positive and negative waves of both PNI and 
PNII in all the cases. In short, the negative wave was more vulnerable 
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to asphyxia than the positive one as described previously.*’ However, no 
essential difference could be found between the N and the negative waves 
of both PNI and PNII, as far as the effect of asphyxia was concerned. 


Effect of mechanical pressure 
The application of mechanical pressure revealed a noticeable difference 
between the N and the negative waves of both PNI and PNII. The 
difference was that the N was more resistant to mechanical pressure than 
the negative waves of both PNI and PNII. 
In Fig. 4 are shown the changes in the N (left column), the PNI (mid- 
dle column) and the PNII (right column) which occurred when the cortex 





Fig. 4. Effects of mechanical pressure on N (left column), PNI (middle 
column) and PNII (rightcolumn). Numerals on left indicate arbitrary strengths 
of mechanical pressure exerted on cortical surface. Bottom and top records of 


each column represent control ones taken before application of and after release 
of mechanical pressure. All records were formed by superposition of five sweeps. 


Vertical bar: I mV. Horizontal bar: 20 msec. 


was pressed by the pick-up electrode to various degrees of strength. The 
bottom records of each column were taken as a control before the applica- 


tion of mechanical pressure. Numerals indicate arbitrary strengths of 


mechanical pressure exerted. ‘The larger the numeral, the more intense 
the pressure. The negative waves of both PNI and PNII were greatly 
reduced in amplitude or completely abolished at the pressure of strength 
3. The N, on the contrary, maintained largely its control size against 
the pressure of this strength. ‘The positive waves of both PNI and PNII 
were more resistant to mechanical pressure than the negative ones and 
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remained even after the complete abolition or the negative waves. These 
changes caused by mechanical pressure was reversible, as is shown in the 
top records of this figure. 


Effect of temperature 


In order to assess the information about the difference between the N 
and the negative waves of both PNI and PNII obtained above, the be- 
havior of the response to hypothermia was further investigated. 

With gradual cooling of the cortex, the N decreased in amplitude and 
was prolonged in duration until it was abolished completely at about 15°C. 
The response changed little in form in the temperature range from 41° to 
34°C. Below 31°C. there occurred a steady increase in duration and a 
progressive decrease in amplitude. These changes in the N caused by 
hypothermia were reversible. Generally the changes in the N resembled 
those of the similar potential observed by Chang? 

Both PNI and PNII remained almost unchanged in the range of 41°- 
34°C. Below 33°C the negative waves of both PNI and PNII showed 
a definite increase in duration as the cortex was cooled. Besides, the 
negative wave showed a noticeable change, that is, below 27°C it increased 
progressively in amplitude until it reached a maximum at about 25°- 
21°C. With further cooling the negative wave diminished gradually. On 
the other hand, the positive wave showed merely a prolongation in dura- 
tion and a gradual decrease in amplitude below about 26°C as the cortex 
was cooled. 

These changes are shown diagrammatically in Fig. 5. In this figure 
the amplitudes of the N (crosses), the positive (open circles) and the nega- 
tive (filled circles) waves as expressed in percentage of the respective 
amplitudes at 41°C are plotted against the temperature. Graphs A, B and 
C relate to the N, the PNI and the PNII respectively. As seen clearly in 
three graphs, negative waves of both PNI and PNII showed marked en- 
hancement of about 50°, above the control amplitude in the range of 
25°-23°C. On the contrary, in the N such enhancement was entirely 
lacking, showing only a reduction in amplitude at low temperatures, and 
the same was true with the positive waves of both PNI and PNII. 

Recovery cycle 

In order to obtain further evidence of the difference between the N 
and the negative waves of the PNI or the PNII, the recovery cycle of the 
response was investigated with maximal paired stimuli delivered at various 
intervals. 

The N conditioned by a maximal stimulus showed a significantly 
prolonged phase of depression lasting about half a second. In Fig. 7 is 
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shown an example of recovery process of the N (see Graph A). In this 
figure the N to a test stimulus delivered within 170 msec. failed completely. 
The response to the test stimulus began to appear at an interval of 240 
msec. and increased gradually in amplitude with increasing intervals. It 
took about 500 msec. for complete recovery. 

On the other hand, the negative waves of both PNI and PNII showed 
a very different recovery process from that of the N (see Fig. 6, and B and 
C in Fig. 7) ; the negative waves of both had a supernormal period over 
the intervals of a few hundred msec. The negative wave began to appear 
in about 50 msec. and increased gradually in amplitude. At intervals 
longer than about 140 msec. the wave was largely enhanced in amplitude 
above control, and the enhancement lasted as long as 460 msec. The 
positive wave began to recover in about 30 msec. and increased in ampli- 
tude gradually with increasing intervals until the complete recovery was 
attained at about 90 msec. At intervals longer than 90 msec. the wave 
remained almost unchanged or was reduced slightly in amplitude (see B in 
Fig. 7). However, in some cases its complete recovery was not attained 
even in about 500 msec. (see C in Fig. 7). 


Discussion 


The most important finding of the present experiments was that the 
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Fig. 6. Records of PNIs elicited with two maximal stimuli delivered at 
various intervals. Interval in msec. is given on left of each record. Vertical 
bar: I mV. for both columns. Horizontal bar: 20 msec. for left column 
and 200 msec. for right column. 

Fig. 7. A: graph showing recovery cycle of N. Ordinates: amplitudes 
in per cent of that obtained without conditioning stimulus. Abscissas: inter- 
vals in msec. B: graph showing recovery of positive (open circles) and nega- 
tive (filled circles) waves of PNI. CC: graph as in B for PNII. 


N and the negative waves of both PNI and PNII behaved differently to 
mechanical pressure and hypothermia, and in recovery cycle. The sur- 
face-negative response to surface stimulation of the cortex and the later 
negative potential of the positive-negative response of the cortex elicited 
directly or indirectly by a specific afferent volly have been identified with 
the depolarization of rather superficial portions of apical dendrites of 
pyramidal cells in the cortex by many authors.**) As a matter of fact, the 
N and the negative wave of the PNI or the PNII have displayed a parallel 
behavior to asphyxia. This would lead to the notion that the two negative 
potentials represent the activity of neuronal elements of similar responsive- 


ness. However, the two negative potentials have been shown to behave 
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differently to mechanical pressure and hypothermia, and in recovery 
cycle. What is responsible for these differences ? : 

It is known that the spinal reflex response is augmented temporarily 
on cooling the spinal cord and that the augmentation is greater in the 
polysynaptic reflex discharges than in the monosynaptic ones.®) In the 
present experiments the negative wave of the positive-negative potential 
increased in amplitude at low temperatures, whereas the N did not. This 
suggests that more synaptic steps are involved in the negative wave of the 
positive-negative potential than in the N. 

The difference in recovery cycle between the N and the negative wave 
of the positive-negative potential would be accounted for in terms of the 
difference in degrees of synaptic steps involved in the respective potentials. 
The N showed a prolonged phase of depression in recovery process. Eccles 
and Rall!” demonstrated that the monosynaptic reflex conditioned by an 
orthodromic volley showed a phase of severe depression lasting longer than 
300 msec. Recovery cycle displayed by the N may be compared to their 
results. This seems to support the above-mentioned assumption that fewer 
synaptic steps are involved in the N. The negative waves of both PNI 
and PNII have showed a phase of supernormality at intervals of 200-300 
msec. This may have some relation to that the negative wave involves 
more synaptic steps. However, it is an open question whether the poly- 
synaptic response alone has a supernormality at late periods of a few 
hundred msec. 

The effects of mechanical pressure on the N and the negative wave 
of the positive-negative potential lend another support to the above assump- 
tion, because it is probable that the negative wave which develops through 
multisynaptic steps would be more readily affected by mechanical pressure. 

As to the nature of the initial positive potential of the positive-negative 
response many authors are in harmony in view. That is, the positive 
potential has been attributed to the depolarization of the soma, basal den- 
drites and proximal portions of apical dendrites of pyramidal cells.&*) 11-1») 
The contribution of presynaptic potential to the initial positive potential 
is supposed by some authors.!!)15) The positive waves of both PNI and 
PNII may be compared in general respect’? to the initial positive potential 
of the positive-negative response observed by the previous authors. In 
the present experiments the behavior of the positive wave to mechanical 
pressure, hypothermia and paired stimiuli suggests that it involves fewer 
synaptic steps as in the case of the N. ‘The difference in vulnerability to 
asphyxia which could be found between the positive wave and the N may 
be assignable to the difference between neuronal portions responsible for 
respective potentials. 

In short, it may be said that the N and the negative wave of the posi- 
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tive-negative potential involve fewer and more synaptic steps respectively, 
though similar in activity of potential generation, and that the positive 
wave of the positive-negative potential is assignable to the postsynaptic 
activity involving fewer synaptic steps. 


SUMMARY 


Three types of direct cortical response, that is, a simple surface-negative 
potential (N) and two types of positive-negative potential (PNI and PNII), 
elicited with maximal stimuli in rabbits were analyzed by application of 
asphyxia, mechanical pressure, hypothermia and paired stimuli. Observa- 
tion was focused upon slow potentials of the response. 

1. The N and the negative waves of both PNI and PNII were almost 
equally vulnerable to asphyxia. ‘The positive waves of the latter responses 
were more resistant to asphyxia than the negative potentials. 

2. The negative waves of both types of diphasic response were readily 
affected by mechanical pressure, while the N and the positive wave of the 
diphasic response resisted mechanical pressure. 

3. The negative wave of the diphasic response showed an increase in 
amplitude over the temperature range from 27° to 21°C. The N and the 
positive wave of the diphasic response showed only a decrease in amplitude 
at low temperatures. An increase in duration occurred in all the responses 
as the temperature was lowered. 

4. The N conditioned with a maximal stimulus showed a prolonged 
phase of depression lasting for about 500 msec. The positive wave of the 
diphasic response recovered almost completely in about 100 msec. and at 
intervals longer than 100 msec. it showed often a phase of slight depres- 
sion. The negative wave began to recover later than the positive one, and 
showed a phase of supernormality at intervals from 140 to 500 msec. 


We wish to thank Prof. K. Motokawa for his invaluable discussion and 
suggestions throughout the course of the experiment and the preparation of the 
manuscript. 
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Changes in Colloid Osmotic Pressure of the Bile 
in Cases with Biliary Diseases 
I. Experimental Studies on the Gallbladder Bile of Dogs 
By 
Makoto Maruyama 
Gu ow 1?) 
From Prof. T. Maki’s Surgical Clinic, School of Medicine, 
Hirosaki University, Hirosaki 
(Received for publication, March 5, 1959) 


Sato” of our clinic has previously reported that a dead body of Ascaris 
lumbricoides is hard to be putrefied in the gallbladder and soon flatted and 
hardened, finally leading to a calculus formation, whereas in physiological 
saline it swells up and crumbles in several days. 

With a view to clearing up the cause of these phenomena, the writer 
studied the colloid osmotic pressure of the bile as well as that of the body 
fluid of ascaris, obtaining several interesting results. 

The results with the body fluid of ascaris were published already in the 
Hirosaki Medical Journal.?) In a work to be reported here, the colloid 
osmotic pressure of the gallbladder bile of healthy dogs was measured and 
compared with that of the dogs in which the so-called secondary dyskinesia of 
the biliary tract was induced experimentally. 


EXPERIMENTAL 
Materials and method 


The animals used in this experiment were 20 dogs weighing 5.0 to 
11.0 kg., which were fed with the definite meals. 

The dogs were kept in fast for about twelve hours, a puncture of the 
gallbladder was then performed on each of them and the colloid osmotic 
pressures of the biles obtained were measured by Kroh-Nakazawa’s first 
method.*) Next, the biliary dyskinesia was induced on them by means of 
Fukushima’s technique’ and the biles were then examined also. The 
details of the procedure for inducing the biliary dyskinesia, which consists 
of dilating the muscle of Oddi by inserting a Nélaton’s catheter No. 3 
transduodenally in the papilla of Vater for a certain time, were reported 
previously. 


Results 


As stated above, the measurement of the colloid osmotic pressure was 
1] 
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carried out by Kroh-Nakazawa’s first method. Here however, as the bile 
was denser and more viscous than the serum or the body fluid of ascaris, it 
was subjected to the measurement after being diluted with an accurately 
equal amount of physiological saline. 

First, the measurements were performed on the bladder bille of 20 
healthy dogs and then on those of the same animals 4 to 35 days after the 
induction of the biliary dyskinesia (Table I}. From the colloid osmotic 


Taniz I 


Colloid Osmotic Pressure of the Gallbladder Bile of Dogs before 
and after Induction of the Biliary Dyskinesia 





Colloid osmotic pressure* 


Body Days (mm. H,O) Rate of 
No. weight Sex after is increaset 
(kg.) operation Preoperative Postoperative (%) 
1 8.0 M 4 585 (613) 652 (662) 11.4 ( 7.6) 
2 7.0 M " 560 (592) 581 (592) | 3.7 ( 0.0) 
3 10.0 E 5 744 (760) 770 (810) | 3.4 (6.5) 
4 5.0 M 5 616 (639) 765 (796) | 24.1 (24.5) 
5 8.0 F 7 510 (536) 612 (620) | 20.0 (15.6) 
6 11.0 F 7 550 (578) 561 (590) | 2.0 ( 2.0) 
7 6.0 M 10 682 (698) 850 (862) | 24.6 (23.4) 
8 11.0 M 10 536 (548) 778 (782) | 45.1 (42.7) 
9 7.0 M 12 532 (539) 795 (800) | 49.4 (49.2) 
10 8.0 M 12 586 (611) 605 (640) | 3.2 ( 4.7) 
i 10.0 M 14 617 (624) 844 (846) | 36.7 (35.5) 
12 8.0 M 14 780 (791 944 (952) | 21.0 (20.3) 
13 11.0 M 14 | 649 (626) re 
14 7.0 F 21 780 (792) 853 (861) 9.3 ( 8.7) 
15 7.0 M 21 649 (684) 830 (835) 27.8 (22.0) 
16 8.0 M 21 680 (687) 821 (825) | 20.7 (20.0) 
17 6.0 M 28 660 (679) 778 (782) 17.8 (15.1) 
18 10.0 M 28 700 (724) 726 (734) | $.7 ( 1.3) 
19 10.0 F 35 600 (615) 652 (668) 8.6 ( 8.6) 
20 7.0 F 1 35 570 (594) 628 (640) | 10.1 ( 7.7) 
Average 627 (646) 739 (752) 18.0 (16.5) 


* 12 hours values with 24 hours values in parenthesis. t+ Those for 12 
hours values with those for 24 hours values in parenthesis. 
pressures of the bile before (P) and after (P’) the induction of the dys- 
kinesia, the rate of an increase of the pressure was calculated on each of 
the cases, by the formula 


P’—P 
P 


100. 
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The 12 hours value of the colloid osmotic pressure of the normal blad- 
der bile ranged from 510 to 780 mm. H,O, 627 mm. H,O on an average, 
and the 24 hours value 536 to 792 mm. H,O, 646mm. H,O on an average. 
After the dyskinesia had been established, the 12 hours value increased to 
561 to 944 mm. H,O, 739 mm. H,O on an average and the 24 hours value 
to 590 to 952 mm. H.O, 752 mm. H.O on an average. 

The rate of an increase of the colloid osmotic pressure calculated from 
the values presented above was 2.0 to 49.4 per cent (18.0 per cent on an 
average) for the 12 hours value, and 0 to 49.2 per cent (16.5 per cent on 
an average) for the 24 hours value. It was found also, that the rate of the 
increase is, as shown in the table, generally higher in cases in which the 
operations for inducing dyskinesia were performed 2 to 3 weeks (10 to 21 
days) before, than in the other cases. 


Discussion 


For measuring the colloid osmotic pressure of the biological fluids, 
Kroh-Nakazawa’s first method, a modification of Starling method®), is 
very convenient as the procedure can be carried out simply with only 
a small amount of a test material. 

Though comparatively many reports have been published on the colloid 
osmotic pressure of the serum, ascites, tissue fluids and the like,®”)*) the 
literature on changes in the colloid osmotic pressure of the bile is, as far as 
the writer knows, scanty. 

The 12 hours and 24 hours values of the colloid osmotic pressure of 
the normal bladder bile of dogs were 627 and 646 mm. H,O respectively, 
on the average of 20 dogs, the difference between the two values being only 
slight. After the establishment of the dyskinesia, the values were 739 and 
752 mm. H,O, for the 12 hours and 24 hours values respectively, showing 
the increases by 112 and 106mm. H,O. The rates of an increase of the 
pressure calculated from these values were 18.0 and 16.5 per cent respec- 
tively. 

Studying the relation of the rate of the increase to the lapse of time 
after induction of the dyskinesia, the former was found to be significantly 
higher in cases in which the dyskinesia had been induced 2 to 3 weeks 
before. 

Fukushima of our clinic, in his experiments on dogs with the dys- 
kinesia, found that the biliary tract presents the highest internal pressure 
on the third or the fourth day after the mechanical stimulation of the 
papilla of Vater and still high values thereafter up to the seventh day, the 
common bile duct being dilated markedly in this stadium ; that is, the 
hypertonia of the biliary tract thus develops following the procedure. Con- 
sequently, it was revealed that an increase as well as the succeeding de- 
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crease in the colloid osmotic pressure of the bile occurs somewhat later 
than the change in the internal pressure of the biliary tract. 

The fact that the colloid osmotic pressure of the bile is 6bviously higher 
in cases with the dyskinesia than in normal cases suggests that the stagna- 
tion of the bile in consequence of the dyskinesia and the inflammatory 
products in the bile are the predominant factors causing the increase of its 
colloid osmotic pressure. 

The average colloid osmotic pressure of the body fluid of ascaris is, as 
reported previously, 234 and 292 mm. H,Q, for the 12 hours and 24 hours 
values respectively. Therefore, the colloid osmotic pressure of the normal 
bladder bile of dogs was found to be about three times as high as that of the 
ascaris fluid. When the dyskinesia was induced by a mechanical stimula- 
tion of the papilla of Vater, the values became much higher (739 and 752 
mm. H,O, for the average 12 hours and 24 hours values respectively), and 
the maximal value (No. 12) was 952 mm. H,O indeed, showing about four 
times as high a value as that of the ascaris fluid. Thus, it was concluded 
that the bladder bile of dogs in general, presents markedly higher colloid 
osmotic pressure as compared with the body fluid of ascaris. 

When a dead body of ascaris is enclosed in the gallbladder, its horny 
membrane acts as a semi-permeable membrane as demonstrated by 
Sato, and so, through this membrane, the body fluid of ascaris is forced to 
come in contact with the bile whose colloid osmotic pressure is much higher 
than that of the former. Moreover, the migratory invasion of ascaris into 
the biliary tract must give rise to a considerable excitement of the papilla 
of Vater, which may cause its secondary dyskinesia and result in a further 
increase in the colloid osmotic pressure of the bile. 

From these considerations it may be understood that the body of 
ascaris in the biliary tract is subjected to a severe dehydration due to the 
difference in the colloid osmotic pressure, and this may be a major reason 
why it is hardly putrefied and is flatted and hardened in a few days. 


SUMMARY 


1. Colloid osmotic pressure of the gallbladder bile of 20 dogs was mea- 
sured in 20 animals before and after the induction of the biliary dyskinesia. 
2. The average colloid osmotic pressure of the normal bladder bile 
of dogs was 627 and 646 mm. H,O, for the 12 hours and 24 hours values 


respectively. 

3. The value of the cases with the biliary dyskinesia was 739 and 
752 mm. H,O, for the average 12 hours and 24 hours values respectively, 
being constantly higher than that of the normal bile. The rate of an 
increase in the pressure was higher generally in cases in which the me- 
chanical stimulus for inducing the dyskinesia had been imposed upon the 
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papilla of Vater 2 to 3 weeks before. 

4. The bile of the normal gallbladder presented three times as high, 
whilst that of the bladder with the dyskinesia four times as high, colloid 
osmotic pressure as compared with the previously reported values of the 
body fluid of ascaris. The dead body of ascaris is hardly putrefied or 
destroyed in the bile presumably because of the dehydration due to such 
a difference in the colloid osmotic pressure. 
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In preceding papers!) the author has reported that the colloid osmotic 
pressure of the gallbladder bile was about three times as high in normal dogs, 
and about four times as high in the dogs with the biliary dyskinesia, as 
that of the body fluid of ascaris. In the present work, human biles were 
obtained during operations, and the colloid osmotic pressure of them was 
measured with the results as follows. 


EXPERIMENTAL 
Method 
The cases examined (25 cases in total) are itemized into the following 
four groups: (1) nine cases of so-called non-calculous cholecystitis, (2) ten 
cases of cholelithiasis, (3) two cases of biliary tract ascariasis and (4) four 
control cases (Table 1). 
TABLE I 


Items of the Cases Examined 





Group No. of cases 
I. Non-calculous cholecystitis 9 
Ii. Cholelithiasis 10 
III. Biliary tract ascariasis 2 
IV. Control 4 
Total 25 


At laparotomy of these cases, the bile was collected by a puncture 
of the gallbladder, the colloid osmotic pressure of which was measured 
by Kroh-Nakazawa’s first method. In addition, the cuitivation of the bile 
was performed for reference. 
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Results 


1) Non-calculous cholecystitis (Table II 


/ 


TABLE II 


Non-calculous Cholecvstitis 





Case Gallbladder bile 
Colloid osmotic pressure in 
No Name Age Sex mm ae ist -_ E. colt 
12 hrs. value 24 hrs. value 
! K.A 41 M 720 750 _ + 
2 W.N. 10 I 712 760 _ _ 
3 Fo 49 F 713 720 = ake 
4 & E 45 F 768 774 - ~ 
5 H.K. 49 M 820 846 ~ _ 
6 H.N. 13 F 786 821 44 ee 
7 F.N. 31 F 730 752 = 4. 
8 N.H. 48 F 716 734 - - 
9 T.S. 10 M 804 820. = | = 
Average 752 775 


This group consisted of the cases which showed the apparent clinical 
features of cholecystitis preoperatively but the investigation under laparo- 
tomy failed to discover any of the macroscopic foreign bodies in their bile 
ducts, the cases with the secondary dyskinesia of the biliary tract being 
thus included in this group. Three out of nine cases belonging to this 
group were male and six were female, aged between 10 and 49 years. 

The 12 hours value of the colloid osmotic pressure of the bladder biles 
of these cases ranged between 712 and 820 mm. H,O (752 mm. H,O on 
an average) and the 24 hours value between 720 and 846 mm. H,O (775 
mm. H,O on an average). The values were not significantly dependent 
upon sex or age. 

Eggs of ascaris were found in two (Nos. 5 and 6), and Escherichia coli in 
five (Nos. 1, 4,5, 6 and 7) out of the nine cases, by a microscopy and by a 
culture of the bile respectively. But the difference in the colloid osmotic 
pressure of the bile was not remarkable between the two groups: with or 
without these organisms. 

2) Cholelithiasis (Table IIT) 

This group consisted of four males and six females, 10 cases in total, 
aged between 11 and 68 years. As shown in the table, the 12 hours value 


of the colloid osmotic pressure of the bile of these cases was 700 to 732 mm. 
H,O, 726 mm. H,O on an average, and the 24 hours value 712 to 836 mm. 
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TaBLeE III 


Cholelithiasis 





Case Gallstone Gallbladder bile 


Colloid osmotic pressure 


No. | Name Age Sex Site* Typej 2 Se § - 3 
12 hrs. value 24 hrs. value 2 Bp R} 
10 H.M. 53 F a || Peeve: 724 760 t 
1] S.Y. 33 M << | ax, 760 783 ; + 
12 K.I. 27 M C et Ss 712 714 {4 ++ 
13 S.K. 1] M C P 653. 705 730 — 
14 K.O. 24 F Bj Psee. 708 765 
15 Ey. 46 F a. &: |) Pics: 732 752 - 
16 T.M. 40 M B Pcs. 732 768 + 
17 K.F. 59 F B rcs. 715 782 
18 alk 59 F Be | 2638. 700 712 
19 _& 2 68 F C P.c.8. 772 836 + 
Average 726 760 


* B, gallbladder; C, common bile duct; L, liver. f P.c.s., pigment 


chalk stone; C.p.s., cholesterol pigment stone. 


_ 


H,O, the average being 760 mm. H,O. Eggs of ascaris were positive in 
three cases (Nos. 11, 12 and 14), and E. coli in five (Nos. 10, 11, 12, 16 and 
19). 

3) Biliary tract ascariasis (Table IV) 


TABLE IV 


Biliary Tract Ascariasis 





Case Gallbladder bile 


Colloid osmotic pressure in mm. H,O 


No. | Name Age Sex ug 
12 hrs. value 24 hrs. value €8ss 
20 H.N. 34 M 823 844 Ht 
nm | tx. 23 M 785 813 H 
Average 804 828 


This group consisted of only two cases in which the body of ascaris was 
found in the common bile duct and removed operatively. The colloid 
Osmotic pressure was, as given in the table, 785 and 823 mm. H,O (804 
mm. H,O on an average) for the 12 hours value, and 813 and 844 mm. H,O 
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(828 mm. H,O on an average) for the 24 hours value. In both the cases, 
eggs of ascaris were found positive in the bile. 
4) Controls (Table V) ‘ 


Taspe. V 


Control Cases 





Gallbladder bile 





Case 
Satie Colloid osmotic pressure 

; : skins in mm. H,O 2 = 

No. Name Age Sex 5 2, s 
12hrs. value 24hrs. value | @ & ea 

22 G.K. | 60 | M | Gastric ulcer 672 694 a 
23 S.A. 61 M Gastric cancer 642 668 }; — _ 
24 S.8. 61 M Gastric cancer 650 676 Be - 
25 i 50 F Gastric cancer 620 712 } — - 

646 688 


Average 


Four cases with gastric diseases, whose biliary tracts were healthy and 
in which the preoperative managements were made in a similar manner 
to those for the surgery of the biliary tract, were examined for control. The 
cases included three males and a female, aged from 50 to 61 years. 

As shown in the table, the colloid osmotic pressure of the gallbladder 
bile of these cases was 620 to 672 mm. H,O (646 mm. H,O on an average), 
and 668 to 712 mm. H.O (688 mm. H,O on an average), for the 12 hours 
and 24 hours values respectively. In each of the cases, the bile was free 
from the ascaris eggs as well as from bacillary infections. 


DiscussION 


The average colloid osmotic pressure of the bile in the control cases 
of this experiment was 646 and 688 mm. H.,O, for the 12 hours and 24 
hours values respectively, being a little higher than that of the normal 
gallbladder bile of dogs (627 and 646 mm. H,O, respectively). 

In the case of non-calculous cholecystitis, the average pressure, 752 mm 
H,O for the 12 hours value and 775 mm. H.O for the 24 hours value, was 
higher than that of the controls by 106 and 87 mm. H,O respectively. The 
pressure in the biliary tract ascariasis showed also an increase, as com- 
pared with the controls, by 158 mm. H,O for the 12 hours value and by 
140 mm. H,O for the 24 hours value. The increase in the colloid osmotic 
pressure was also observed in the cholelithiasis cases, by 80 and 72 mm. 
H,O, for the 12 hours and 24 hours values respectively. 

Thus the colloid osmotic pressure of the bile in cases of noncalculous 
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cholecystitis, of biliary tract ascariasis and of cholelithiasis was found to 
be always higher than that of the control cases. Among them, the cases 
of biliary tract ascariasis showed the highest, and those of non-calculous 
cholecystitis the next highest values. Though the changes in the con- 
stituents of the bile are various in cases with a disease of the biliary tract, 
the colloid osmotic pressure is, as mentioned above, constantly higher in 
these cases than in the controls. This may be a fact also suggesting that 
the increase of the colloid osmotic pressure is mainly due to the inflam- 
matory products and the stagnation of the bile as stated in the first paper. 

Clinically, the differences in the colloid osmotic pressure of the bile 
among various biliary disorders were not so remarkable as those between 
normal dogs and the dogs with the biliary dyskinesia. This is presumably 
due to the fact (1) that the clinical studies performed in this work were not 
the quantitative observation on the same subject, as was in the case of the 
animal experiments, but the comparison of various cases with biliary 
diseases with the subjects with the healthy liver and healthy biliary tract, 
and (2) that the clinical cases with various biliary disorders had long suf- 
fered from such pathological conditions as the biliary infections or the 
stagnation of the bile. 

Be that as it may, the colloid osmotic pressure of the human gallblad- 
der bile was much higher than that of the fluid of ascaris (234 mm. H,O for 
the average 12 hours value, and 292 mm. H,O for the average 24 hours 
value)”): three times as high even in the cases with the healthy liver and 
healthy biliary tract (646 mm. H,O and 688 mm. H,O, for the average 
12 hours and 24 hours values respectively), more than three times as high in 
the cases of non-calculous cholecystitis (752 mm. H,O and 775 mm. H,O) 
and still higher in the cases of the biliary tract ascariasis (804 mm. H,O and 
828 mm. H,O), the maximal value being about four times as high (844 
mm. H,O), as compared with the latter. 

From these results, it may be said generally that the human gall- 
bladder bile, as well as the canine one, shows a much higher colloid osmotic 
pressure than the body fluid of ascaris. 

Though investigations were carried out in this work, for convenience’ 
sake, only on the bile of the gallbladder, the results obtained suggest that 
the bile of the common bile duct should also present a comparatively high 
colloid osmotic pressure, especially in pathological conditions. 

From the facts discussed hitherto, it may be concluded that a clinically 
well-known phenomenon, that is, the fact that the dead body of ascaris 
died in the biliary tract remains there for a long time without suffering 
putrefaction and destruction, occasionally resulting in the calculus forma- 
tion, is due to the difference in the colloid osmotic pressure between the 
bile and the body fluid of this worm. 
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SUMMARY 


1. Colloid osmotic pressure of the gallbladder bile was measured in 
nine cases of cholecystitis, two of the biliary tract ascariasis, ten of choleli- 
thiasis and four control cases. 

2. The average pressure in cases with the healthy liver and healthy 
biliary tract was 646 mm. H,O for the 12 hours value and 588 mm. H,O 
for the 24 hours value. 

3. In the cases with biliary disorders, the colloid osmotic pressure 
was generally higher than in the control. ‘The pressure was the highest in 
biliary tract ascariasis, and higher in non-calculous cholecystitis and in 
cholelithiasis, in the order mentioned. 

4. The colloid osmotic pressure of the pathologic bile was three to 
four times as high as that of the body fluid of ascaris. This may be a reason 
why a dead body of ascaris is able to remain in the biliary tract for a long 
time without suffering putrefaction. 

The author expresses his sincere thanks to Prof. F. Nakazawa of the Tohoku 
University for his constant advice and help throughout the work. 

Through the Grant Committee for Scientific Researches the Ministry of 
Education gave a grant in aid of this work, which is gratefully acknowledged. 
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For estimation of tuberculin-polysaccharide excreted in urine, Okada, 
Masugi and Kobayashi!’ devised a method termed OMK method—OMK 
being the respective initials of these three authors. This method was 
based upon the following principle ; tuberculin-polysaccharide excreted in 
urine was adsorbed on human erythrocytes firstly, then the erythrocytes 
sensitized with tuberculin-polysaccharide were subjected to agglutination 
reaction against immune serum which was prepared by intravenous injec- 
tion of tubercle bacilli into a horse. 

In the OMK method, only 1-5 cc. of urine was used for the estimation, 
so it was good for use only when a large amount (more than 600 y) of tu- 
berculin-polysaccharide was excreted in 24-hour urine to be tested. 

In the present paper we shall report a modification of the OMK 
method, by which any amount of tuberculin-polysaccharide excreted in 
24-hour urine may be estimated approximately. Our modification di- 
ffered from the original in the following point: whole amount of 24-hour 
urine was concentrated by boiling, from which tuberculin-polysaccharide 
was isolated by precipitation by adding ethanol. 


EXPERIMENTAL 


1. Method 

Whole amount of 24-hour urine was concentrated by boiling up to 
a final volume of 5—10 cc., and this concentrated urine was dialyzed, using 
a cellophane bag, against running water for 24 hours. The content—now 
a much larger amount than 5-10 cc.—was concentrated again to 5-10 cc. 
The concentrate was adjusted to pH 3.8 by adding 10% acetic acid and 
centrifuged. ‘To the whole clear upper layer thus obtained, was added 
caolin in a concentration of 1% and the mixture was kept at 37°C for 30 

23 
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minutes, then centrifuged. The whole clear upper liquid was transferred 
into a centrifugal tube and absolute ethanol was added thrice as much as 
the liquid in amount. The content was well mixed and kept at 0-4°C for 
24 hours, then centrifuged. To the deposit 2.0 cc. of 0.15 M phosphate 
buffer of pH 7 were added and the content was well mixed, then centrifu- 
ged. To 1.0 cc. of the clear upper layer were added 0.02 cc. of human 
erythrocytes of type O, which had been washed thrice with 0.15 M phos- 
phate buffer of pH 7.2). The mixture was kept at 37°C for 2 hours, then 
centrifuged. The erythrocytes thus treated were washed thrice with 0.15 M 
phosphate buffer of pH 7, and suspended in 4.0 cc. of the phosphate buffer 
—this is ‘ suspension of sensitized erythrocytes ’. One drop of the ‘ suspen- 
sion of sensitized erythrocytes ’ was put in each of 6 hollows, which were 
arranged on a glass plate of 10 mm. thick and each of which was of 5 mm. in 
depth and 26 mm. in diameter. To each of the hollows were added 2 
drops of Immune Serum C??, which had been diluted with the phosphate 
buffer to get a series of 10, 20, 40, 80, 160 and 320 times. The content in 
each hollow was mixed gently and kept at 37°C for 5 hours, then agglutina- 
tion of the erythrocytes in each of the hollows was observed macroscopically. 

2. Recovery experiment 

Three sets of experiment (Sets A, B and C) were carried out. 

Set A consisted of 10 samples (Nos. 1-10), each of which contained 
500 cc. of the urine which had been collected from healthy children and tu- 
berculin-polysaccharide. Each of these samples was subjected to estima- 
tion of tuberculin-polysaccharide according to the procedure above descri- 


bed (Cf. Table I). 


TAsee. 1 


Experiment of Set A 





Pattern of agglutination between sensitized 


No. of Urine sdipaetneande . en ee anaes pt . 
samples a At a (Titers of dilution of Immune Serum C) 
ideale 10 20 40 80 160 320 
l 500 228 4 re } 
2 500 114 q “f + fe 
3 500 57 - + + — 
+ 500 57 x 1/2 L + - 
5 500 57 x 1/2% + ~ - 
6 500 57 x 1/28 - 
7 500 57 x 1/24 - - 
8 500 57 x 1/25 ~ 
500 Si xij — _ 
l 
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Set B consisted of 10 samples (Nos. 11-20), and the procedure of the 
experiment was the same as in Set A excepting that distilled water was 
used instead of the urine (Cf. Table IT). 

TaBLe II 


Experiment of Set B 





Tuberculin- Pattern of agglutination between sensitized 
N [ 7 3 polysaccharide erythrocytes and Immune Serum C 
No. 1d 2 z added to (Titers of dilution of Immune Serum C) 
sampis | B= distilled water 
Az r/cc. 10 20 +0 80 160 320 
11 500 228 + 
12 500 114 + 4 4 ‘. 
13 500 57 + + - 
14 500 57 x 1/2 - + 
15 500 57 x 1/22 - - 
16 500 57 x 1/28 
17 500 57 x 1/24 
18 500 57 x 1/25 
19 00 57 x 1/28 
20 500 97 x 1/27 


Set C consisted of 10 samples (Nos. 21-30), each of which contained 
different amount of tuberculin-polysaccharide in 1.0 cc. of the phosphate 
buffer. The washed human erythrocytes of type O were sensitized with 
1.0 cc. of each of these samples, and the sensitized erythrocytes were sub- 


TABLE III 


Experiment of Set C 





Pattern of agglutination between sensitized 


Tr en —P aride 7 : 
luberclin-polysaccharide erythrocytes and Immune Serum C 


No. of in the phosphate (Titers of dilution of Immune Serum C) 
samples buffer 
— 10 20 0 80 160 320 
21 228 
22 114 4 | r 4 1 
23 57 4 
24 57 x 1/2 
25 57 x 1/2? 
6 57 x 1/28 
27 57 x 1/24 
8 57 x 1/25 
29 57 x 1/28 





26 Is. Arakawa, M. Oota and Y. Sato 


jected to agglutination reaction against Immune Serum C (Cf. Table III). 
In other words, the concentration of test specimen and the precipitation 
of tuberculin-polysaccharide by adding ethanol were performed in the ex- 
periment of Sets A and B, but not in the experiment of-Set C. 

On comparison among patterns of agglutination in the experiment of 
Sets A, B and C, tuberculin-polysaccharide, which had been added to 
500 cc. of urine or of distilled water and subjected to such procedures as 
concentration by boiling and precipitation with ethanol, was recovered in 
about one-fourth of the theoretical amount. Even though the recovery 
of tuberculin-polysaccharide added to urine was thus not quite satisfactory, 
approximate estimation of tuberculin-polysaccharide in urine may be car- 
ried out as follows; when a specimen of 24-hour urine was subjected to 
our own method and the pattern of agglutination was found to be + — — 
— — —, approximate amount of tuberculin-polysaccharide in the speci- 
men would be (57 « 1/24) «4 «2528; in the case of the pattern + + — 
— — —, (57 x 1/28) «4 x 2=57 y, in the case of the pattern + + + — — 
—, (57x1/2?)x4x25114y, in the case of pattern + + ++ — -, 
(57 x 1/2) x 4 x 25228 y, and in the case of the pattern + + + ++ —-, 
57 x 4 x 2456 y would be respective amounts. 

Remarks : The results respecting simultaneous estimation of tuberculin- 
polysaccharide in both blood and urine of children with tuberculosis will 
be reported in a coming :ssue of this Jorrnal. 

CoNCLUSIONS 

A method for approximate estimation of tuberculin-polysaccharide ex- 
creted in 24-hour urine—a modification of O0MK method—was reported. 

The original method is good for use only when a sufficiently large 
amount of tuberculin-polysaccharide occurs in the urine. 

Our own modification enables us to make an approximate determina- 
tion of tuberculin-polysaccharide in the urine even when a much smaller 
amount of it is excreted into the urine. 
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INTRODUCTION 


In their EEG experiments of conditioning alpha-blocking reactions to 
photic stimulation in human subjects, Yuyama and others!) drew special 
attention to resting or background EEG which displayed spontaneous 
electrical activity of the brain during stimulus intervals in the experiment 
of conditioning. They found that the background EEG, though dominated 
by fast waves of low amplitude at the start of conditioning, had a tendency 
to develop slow waves of high amplitude as a procedure of conditioning 
was carried out successively. They also noted that conditioned EEG 
responses changed their patterns as the background EEG was modified in 
the progress of conditioning. 

Since the observation by Yuyama and others was limited only to 
events at the level of electrical activity of the brain, the present experiment 
was carried out with dogs to study a behavior of background EEG activity 
in relation to formation and abolition of a peripheral motor conditioned 
response. 


EXPERIMENTAL 
Method and procedure 


Young, healthy dogs, weighing 7 to 10 kg., were used as subjects. 
Prior to the experiment of conditioning, these animals were subjected to 
the experiment of habituation which consisted of a series of several sessions. 
In each session lasting for about 30 minutes, the animals were fixed to a 
cradle, being restrained from movement with straps. During this time 
a sound stimulus, 1000 c.p.s. tone of moderate intensity, was applied for 
about 5 seconds at irregular intervals of 1 to 2 minutes. Having one 
session of the habituation experiment per day, the animals were found 
habituated to all sorts of restraint after they had passed through 5 to 7 
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sessions of the experiment. Then they were transferred to the experiment 
of conditioning. 

The conditioned reflex (CR) studied in the present experiment was 
a conditioned avoidance reflex of a hindleg. The unconditioned stimulus 
(UCS) was an electric shock applied to the skin overlying Achilles tendon, 
with the intensity adjusted so as to obtain a discrete flexion movement of 
the total hindleg. ‘The conditioned stimulus (CS) was the sound stimulus 
which had been turned into a neutral stimulus through the experiment 
of habituation. CS was paired with UCS in such a way that CS was 
started 3 seconds before application of UCS and was withdrawn after 
another 2 seconds. Since the method to condition the leg flexion reflex 
adopted in the present experiment was of an instrumental type, the animals 
received UCS only when they failed to show a discrete flexion response to 
CS with latency less than 3 seconds. 

The experiment of conditioning was conducted in a similar manner 
to that of the experiment of habituation. Each day one session of the con- 
ditioning experiment was carried out in which 15 to 25 trials of presenting 
CS were made, each trial being separated by irregular intervals of 1 to 2 
minutes. Most of the animals were found able to perform conditioned 
avoidance reflexes with a high degree of stability after they had received 
5 to 10 sessions of conditioning. For measuring the progress of conditioning, 
I calculated for each session a score of CR which expressed a number of 
correct CRs as a percentage of the total number of trials conducted. 

Throughout the whole course of the present experiment, cortical 
electrical activities were led off by means of implanted electrodes from the 
sensorimotor (pericruciate gyrus) and the association (midmarginal gyrus) 
areas. In some experiments electrical activities of the mesencephalic 
reticular formation was also observed. For amplifying and recording the 
electrical activity, an ink-writing electroencephalograph of a conventional 
type (Sanei) was used. One channel of the EEG machine was always 
used to record electromyographic activities associated with movements of 
the hindleg. 


Results 


1) Deactivation of the background EEG in the experiment of habituation 

As mentioned above, the experiment of habituation was conducted in 
such a way that for a certain length of time the animals were fixed to the 
cradle with straps and during this time the sound stimulus which was to 
be used as CS in the experiment of conditioning was applied frequently 
without being accompanied by UCS. By recording EEG continuously, 
changes in the activation level of the brain as manifested in the background 
EEG were followed up from the beginning to the end of each experimental 
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Fig. 1. Experiment of habituation. A: The 2nd session of habituation. 
Low voltage fast waves were maintained at about the same strength from th« 
Ist (Al) to the 23rd application of the sound stimulus (line S). Arousal response 
to the sound was slightly reduced in A2._ B: The 5th session. Though activity 
of low voltage fast waves appeared at the beginning of the session (B1), it was 
replaced by activity of high voltage slow waves as the session came to an end 
(B2). No marked EEG arousal appeared in response to the sound in B2. 

In this and subsequent figures the following abbreviations are used : SM ; 
sensorimotor cortex. ASS; association cortex. MB; mesencephalic reticular 


formation. EMG;; electromyogram of the hindleg. 


session. 

The records of set A of Fig. 1, which were obtained from one dog in 
his second session of the habituation experiment, can exemplify the behavior 
of background EEG activity at beginning stages of the habituation. It is 
seen that the background EEG kept a pattern of low voltage fast waves 
from the beginning (Al) to the end of the session, suggesting that there was 
little, if any, tendency for a process of EEG deactivation to develop while 
passing through the whole course of the session. However, the feature 
was found entirely changed when the same dog was examined in the fifth 
session. ‘Though the background EEG was of an activated type at the 
starting point of the session (Bl), a process of EEG deactivation developed 
so strongly that slow synchronized waves were prevailing in the background 
EEG as the end of the session was approached (B2). It seemed that de- 
activation of the background EEG, as revealed during the course of a 
habituation session, could develop with increasing rapidity as the same 
experiment of habituation was conducted repeatedly. 

Thus, carrying out the experiment of habituation repeatedly it was 
established that there occurred a spontaneous deactivation of the back- 
ground EEG when the animal was brought under the experimental con- 





30 T. Yuyama 


dition to which it had been subjected many times. Since the experiment 
of conditioning is carried out in quite a similar manner to that of the ex- 
periment of habituation, it is supposed that a process of EEG deactivation 
may also be working in this case as well, though its strength may be much 
reduced. ‘This supposition is shown to be true as will be stated in the fol- 
lowing section. 

EEG arousals in response to the sound stimulus were observed only 
at the beginning stages of the habituation where background EEG activity 
was maintained at a high level of activation throughout the whole course 
of an experimental session (Al & A2, Fig. 1). Under the condition in 
which the animal tended to show deactivated EEGs, the arousal effect of 
the sound stimulus was markedly reduced. When the background EEG 
was composed mainly of a continuous train of slow synchronized waves, 
there was found no marked EEG arousals to the sound stimulus applied 
(B2). 

2) Background EEG in the course of establishment of CR 

Behaviors of background EEG activity in the experiment of con- 
ditioning will be discussed on the basis of the data obtained from the dog 
which was used as the subject in the experiment of Fig. 1. With this dog 
a process of acquiring the conditioned avoidance reflex will be seen from 
the curve of Fig. 2, which plots scores of CR against numbers of condition- 
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Fig. 2. Acquisition curve of conditioned avoidance reflex. Ordinate : 
scores of CR. Abscissa: numbers of session. The subject was the same as 
that in Fig. 1. Crosses on the curve indicate the conditioning session where the 
records of Fig. 3 were obtained. 


ing sessions as abscissa. It can be said that CR was established in this 
dog with moderate rapidity, a score of 90%, being obtained at the eighth 
session. 

Fig. 3 illustrates sample records which were obtained in the fourth 
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and tenth session of conditioning, where the scores of CR were 25 and 
95°% respectively. ‘The two records of set A, obtained at the first and the 
fourteenth presentation of CS respectively, can demonstrate that the back- 
ground EEG was definitely deactivated as CS was applied successively in 
the course of this session. ‘This is just like the event observed in the later 
sessions of the habituation experiment, much as is seen in the records of 
set B of Fig. 1. It is to be noted, however, that deactivation of the back- 
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Fig. 3. Experiment of conditioning. The subject was the same as that in 
Fig. 1. A: The 4th session of conditioning. Background EEG was deactivated 
as trials of presenting CS were repeated. B: The 10th session. Background 
EEG remained activated throughout the whole course of the session, though 
activity of slow waves was slightly augmented in B2. EEG arousals to CS 


were clear in both records of B. 


ground EEG in this case was much weaker than that observed as the final 
outcome of the habituation experiment. In addition to this, it was not 
unusual to observe that the background EEG, though gradually deactivated 
to a certain extent as CS was applied, was suddenly activated at one point 
in the course of a session due to unknown causes, which were not necessarily 
related to applied UCSs. 

While passing through several sessions of conditioning, it was found 
that the extent to which the background EEG was deactivated during one 
session of the experiment was very much reduced. The final situation 
attained in the experiment of conditioning is exemplified by the records 
in set B of Fig. 3, where the score of CR was as high as 95°. Comparing 
the two records in set B, it is seen that background EEG activity was kept 
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at a high level of activation during the whole course of the session, though 
there was still found a very slight tendency of deactivation as evidenced by 
augmented slow waves in the record B2. Thus it is suggested that CR is 
expected to be performed with a high degree of stability when the process 
of EEG deactivation as observed in the experiment of habituation is at- 
tenuated through several, consecutive sessions of conditioning. 

In the previous section it has been pointed out that the arousal effect 
of the sound stimulus is reduced in parallel with deactivation of the back- 
ground EEG. This holds true also in the experiment of conditioning where 
the sound stimulus is used as CS. Since in the final sessions of conditioning 
the background EEG was kept in a relatively high state of activation, it was 
most usual in these cases that the sound stimulus serving as CS brings 
about immediate, clear EEG arousals followed by well-established CRs with 
short latencies (Bl & B2, Fig. 3). 

3) Deactivation of the background EEG in the abolition of CR 

As has been noted in the preceding section, there is definite, though 
slight in degree, deactivation of the background EEG even when CR is 
unfailingly carried out to each presentation of CS. Such deactivation of 
the background EEG was very marked with the animals which received 
too many sessions of conditioning after high scores of CR had been obtained. 
It is noted in these cases that, as CS is successively applied, the background 
EEG is deactivated almost in parallel with a lengthening of the latency 
ofCR. An example for such cases will be seen in the records of Fig. 4. 














ASS F-1 A og 
PLAN LO OO, wna LA gD LOH che 
ieee) Cow 
ang eae 
a \ OOO 
F-q B 
, a ety ag hit al SAP, ON! wry wantin IM we 
a 
—_ v ‘ 5 es | ee a ee nee 
t-2 © 
- rod “, Nee meats Nie yd walt, ae a! Aah A paliatg P Prin gd nanpags' 
scciaisineinianealiaiaaitiaiits ee , ee | ee 
Fig.4. Lengthening of the latency of CR. As CR was repeatedly elicited, 


its latency was gradually lengthened in parallel with deactivation of background 


EEG. 


In this experiment the latency of CR was less than one second at the first 
trial of presenting CS (A). When repeating the trial, the background 
EEG was gradually increased in amplitude and was deprived of fast waves 
(B). At the twelfth trial the latency was found increased to more than 2 
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seconds. By this time background EEG activity had shifted to a low level 
of activation (C). From this fact one may infer that if the background 
EEG is sufficiently deactivated the animal may fail to show CR. Such 
was actually observed when a procedure of experimental extinction was 
conducted in such a way that CS was never reinforced though it failed 
to elicit CR. 

Examples of records obtained in the experimental extinction are 
shown in Fig. 5. Since the animal had been subjected to the procedure 
of experimental extinction through several preceding sessions, it jwas found 
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Fig. 5. Extinction of CR. A: Record obtained before the extinction was 
completed. Background EEG kept an activated pattern. B: CR was com- 
pletely extinguished and slow waves of high voltage prevailed in background 
EEG. Between B and C UCS was applied accompanying CS. C: Due to a 


reinforcement activated EEG and CR were recovered. 


in the experiment of Fig. 5 that, though CR could appear with considerable 
strength at the beginning of the experiment (A), they were gradually 
weakened as CS was repeatedly applied. Finally, CR was found abolished 
at the 15th presentation of CS which was made when activity of high 
voltage slow waves had dominated over the background EEG (B). At 
this time no marked EEG arousals were elicited by CS. On the basis of 
several experiments concerned with the experimental extinction, an effect 
of repeated application of the extinction procedure can be regarded as 
enhancing a process of EEG deactivation which remains at minimum in 
a usual experiment of conditioning. 

An abolition of CR obtained by the procedure of experimental extinc- 
tion was found established so weakly that CR could be recovered very 
easily by several means. In most cases a simple procedure such as tapping 
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the animal’s back or calling the animal’s name was sufficient to restore 
the extinguished CR. In the case of the experiment of Fig. 5, CS was ap- 
plied being reinforced by UCS just once after the record 5B was obtained. 
A result of such reinforcement will be seen in the record 5C where slow 
waves were completely removed from the background EEG and CR ap- 
peared with a short latency accompanying an EEG arousal in response 


to CS. 
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Fig. 6. Effect of pentobarbital sodium upon EEG and CR. A: Control 
before injection. B : 30 minutes after an injection of the drug (6 mg/kg of body 
weight). Background EEG was dominated by activity of slow waves and CR 


was abolished. 


Another example of the abolition of CR is seen in Fig. 6 in which 
effects of pentobarbital sodium were tested upon the performance of CR 
with special reference to background EEG activity. Before the drug was 
injected, strong CRs used to appear in response to CS, though occasionally 
there appeared a train of slow waves in the background EEG (A). Thirty 
minutes after an intraperitoneal injection of pentobarbital sodium (Mintal), 
in the amount of 6 mg. per kg. of body weight, activity of slow waves was 
markedly developed. Under this condition there appeared no trace of 
CR (B). In this case the amount of injected barbiturate was so minute 
that the animal did not show any signs of disturbance in maintaining a 
standing posture. Whiile it was shown in the experiment of Fig. 5 that 
CR, abolished by the extinction procedure, could be recovered by a simple 
reinforcement, I found in this case that a mere application of reinforcement 
was ineffective in restoring CR, though the animal responded to UCS 


with a discrete flexion reflex. 

Comparing the two cases of the abolition of CR as stated above, there 
can be found no essential difference so far as a relationship between the 
activation level of the background EEG and the performance of CR is 
concerned. In both cases CR is abolished under a condition in which the 
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background EEG is dominated by activity of high voltage slow waves. In 
this sense it can be said that barbiturate can mimic the effect of the extinc- 
tion procedure to a certain extent. This must be taken into consideration 
when one discusses a neurophysiological mechanism involved in experi- 
mental extinction. 


DIscussION 


A body of evidence accumulated in the present experiment unequivocal- 
ly tells us that the acquisition, retention and extinction of CR are events 
intimately correlated with the activation level of the brain as manifested in 
the background EEG. A conditioning of a peripheral reflex is possible and 
facilitated when the brain is brought to a highly activated state charac- 
terized by activity of low voltage fast waves, whereas a performance of CR 
tends to diminish when activity of high voltage slow waves is prevailing, 
whether it is induced by repetitions of the extinction procedure or by an 
injection of a central depressant drug such as barbiturate. According to 
Motokawa,”) Iwama,*) and Yuyama and others, EEG deactivation in the 
experiment of conditioning is regarded as an electrical sign of the internal 
inhibition in the Pavlovian sense.*?) Whatever physiologic significance is 
ascribed to the process of activation-deactivation of EEG as observed in 
the experiment of conditioning, the background EEG can be taken as an 
accurate measure for estimating activity of the brain upon which the per- 
formance of peripheral CR is dependent. 

In a recent paper by Beck and others®) it is shown with cats that con- 
ditioned flexion reflexes are established in association with the development 
of EEG arousals appearing in response to CS. This can be considered in 
agreement with findings in the present experiment. I have shown that an 
arousal effect is strengthened in proportion to the degree to which the 
background EEG is activated, and that CR can appear with a score as 
high as 90%, or more when the background EEG can keep a pattern of 
relatively high activation. ‘Therefore it is conceivable that CRs are estab- 
lished hand-in-hand with the development of EEG arousals appearing 
upon CS. 

It has been noted that CR is formed and maintained under conditions 
in which the brain is in a state of relatively strong activation. ‘Though this 
is actually the case, it is also an unmistakable finding that the background 
EEG is subjected continuously to a weak process of deactivation when 
peripheral CRs are repeatedly evoked. ‘This fact is in confirmation of the 
finding obtained by Yuyama and others with human subjects. In trying 
to condition alpha-blocking reactions to photic stimulation, these workers 
found that there was a strong tendency for activity of slow waves to prevail 
in the background EEG when the conditioning procedure was successively 
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carried out. In addition to this Yuyama and others noted that the EEG 
conditioned response changed its potential pattern according to the degree 
of activation. This is also confirmed in the present experiment if EEG 
arousals appearing upon CS are regarded as equivalent to the EEG con- 
ditioned response in the experiment of Yuyama and others. A basis for 
this statement has been furnished, for example, by the records in set B of 
Fig. 6. 

In connection with the fact mentioned in the above section, it must 
be admitted that EEG arousals in response to CS tend to be weakened as 
CS is applied repeatedly. If such tendency is further strengthened, a case 
will be met where no marked EEG arousals are elicited by CS. On the 
basis of the present experiment it is predicted that in such a case peripheral 
conditioned activity is also strongly depressed or completely abolished. 
This has been proved quite true in most cases of the present experiment. 
However, it is reported by Beck and others that, before we reach a stage 
of a complete abolition of both EEG arousal and peripheral CR, there is 
an intermediate stage at which peripheral CR is still preserved without 
associated EEG arousal. In the present experiment also, I have encounter- 
ed such cases not infrequently, especially with animals which received 
excessively many sessions of conditioning. A tentative interpretation of 
these cases is as follows: as the conditioning progresses, an excited area of 
the cerebral cortex is concentrated in so small a spot that cortical electrical 
activity associated with the execution of peripheral CR becomes unac- 
cessible to usual electroencephalography. A concentration of the ex- 
citable area of the cerebral cortex has been demonstrated in EEG con- 
ditioning most clearly by Morrell and Jasper® and others”). 

In the experiment of habituation it has been found that the sound 
stimulus becomes ineffective for eliciting arousals of EEG when the back- 
ground EEG is dominated by activity of slow waves, and that such abolition 
of the arousal effect is easily established with animals if they have been 
subjected to the same experiment of habituation in consecutive, many 
sessions. ‘This is in accordance with findings obtained by Sharpless and 
Jasper’ and by Rowland.” In relation to this point, it is noteworthy 
that, at least with respect to EEG activity, a situation observed in the 
experiment of extinction is much the same as that is the experiment of 
habituation, though there is a marked difference between two sorts of 
experiment in regard to rapidity with which the arousal effect of the sound 
stimulus is diminished: in order for a complete abolition of the arousal 
effect to be obtained, more sessions of experiment are needed in the extinc- 
tion than in the habituation. ‘This may presumably be due to the fact 


that the arousal effect of the sound stimulus is potentiated in the experiment 
of conditioning which intervenes between the habituation and the extinc- 
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tion. If we are allowed to consider that such difference between the 
habituation and the extinction as mentioned above is not qualitative but 
quantitative, we may be led to the following inference. If one assumes, as 
Pavlov did, that an inhibitory process must be built up in the brain in 
order to complete the extinction, one should also assume that a process 
of the same nature might be involved in the habituation as well. The only 
difference between two cases may be such that the suggested neural pro- 
cess is developed to a much slighter extent in the extinction than in the 
habituation. 


SUMMARY 


An electrographic study of activity of the brain was made with dogs 
during the course of formation and abolition of the conditioned avoidance 
reflex. Special attention was paid to background EEG activity which 
was observed during intervals of stimulation in the course of experiment. 

1. In the experiment of habituation which preceded the experiment 
of conditioning, a sound stimulus was repeatedly applied to the animal. It 
was found that the stimulus became ineffective in causing arousal responses 
of EEG when the background EEG showed a deactivated pattern. EEG 
deactivation occurred in the course of experiment with increasing rapidity 
as the same experiment of habituation was conducted repeatedly. 

2. ‘The sound stimulus which had been neutralized through the ex- 
periment of habituation was used as the conditioned stimulus (CS), and 
an electric shock to the hindleg was the unconditioned stimulus (UCS). 
CS, paired or unpaired with UCS according to the principle of instrumental 
conditioning, was given in session of 15 to 25 trials per day over several 
days. The performance of the conditioned reflex (CR) in each session 
was measured in terms of score of CR, i.e., a number of correct CRs of 
a percentage of the total number of trials in one session. In earlier ses- 
sions of conditioning where scores of CR were low, deactivation of the 
background EEG occurred in about the same manner as observed in the 
experiment of habituation. The extent to which the background EEG 
was deactivated in one session of conditioning was gradually reduced as 
the animal passed through several sessions of conditioning. In final ses- 
sions having scores of CR as high as 100%, the background EEG was 
kept at a high level of activation throughout the session, though there 
occurred a slight degree of deactivation as trials of presenting CS were 
repeated. 

3. CR was found to disappear only when the background EEG was 
deactivated to a certain extent. ‘This was true with the abolition of CR 
by a procedure of experimental extinction as well as with that due to an 
injection of a small amount of barbiturate. 
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INTRODUCTION 


Binocular color contrast is a phenomenon known to us for a long time 
since an observation by Smith von Forchabers’’. This phenomenon to- 
gether with the phenomenon of color-mixing indicates that some inter- 
action takes place between the visual pathways from both eyes. Moto- 
kawa’s method of electrostimulation of the eye has provided a means to 
obtain a physiological counterpart of psychological contrast, but studies 
with this method?” have hitherto been confined to monocular induction. 
Motokawa, Nakagawa and Kohata*) found that the field of physiological 
induction produced in one eye suffered from a considerable deformation, 
when stereoscopic vision was established by binocular stimulation. This 
finding suggests that the influence from the other eye on the one in question 
can be measured by the Motokawa’s method. 

In the present experiment it was investigated whether or not physio- 
logical color induction might be caused in one eye by stimulating the con- 
tralateral eye with colored light. 


EXPERIMENTAL 
Method 


The principle of the Motokawa’s method consists in measuring the 
effect of light upon the electrical excitability of the dark-adapted eye as 
measured with electrical phosphenes as an index after exposure to the light. 
The procedure of this method is given in Motokawa’s earlier papers, espe- 
cially in detail in a paper by Kohata, Komatsu and Motokawa®’. The 
effect was expressed as percentage increases in electrical excitability over 
the resting level and denoted by £. 

The physiological counterpart of successive contrast was designated 
direct induction ; it was measured by tracing the time-course of electrical 
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excitability following exposure of a retinal area to inducting colored light 
and then to white test light. The form of £-time curve depends only on 
the wavelength of the colored light, but scarcely on the intensity and dura- 
tion of the colored light and those of the white,test light. The interval 
between both stimuli has no effect unless it is too long or too short. The 
curve obtained by paired stimuli, colored and white, resembles that ob- 
tained by a complementary stimulus alone. Thus, the paired stimuli, 
colored and white, are equivalent to a single stimulus of complementary 
color. 

The physiological counterpart of simultaneous contrast was designated 
indirect induction. For measurement of indirect inducation both stimuli 
must be so arranged that they stimulate adjacent retinal areas, the other 
experimental conditions being the same as in the experiment on direct 
induction. The £-time curve for indirect induction is generally com- 
plementary in character to that for direct induction. 

In some experiments flashes of light 10 msec. in duration were used, 
and the interval between both flashes was varied. These flashes were 
produced by means of a falling screen with two openings on it. A beam 
of light from a projector lamp was focused on the plane of the screen and 
allowed to pass twice towards the subject’s eye as the two openings of the 
screen passed across the focus. ‘The interval between the two exposures 
could be varied by varying the distance between the two openings. The 
movement of the falling screen was always so smooth that almost the same 
speed was reproduced every time, as was confirmed by a number of calibra- 
tions made with a photocell and an oscillograph. 

When it was necessary to give a colored stimulus to one eye and a 
white test stimulus to the contralateral eye, a stereoscope was used to make 
images of the respective stimuli either on corresponding points of both eyes 
or on disparate points, as the case might be. The electrical test stimulus, 
a rectangular pulse of 0.1 sec. in duration, was given always to the eye 
preilluminated by the white test light. 


Results 


1. Transfer of physiological induction from one eye to the other 

The experimental arrangement used is shown schematically in the 
inset of Fig. 1. ‘The inducing colored stimulus used was a patch 20 x 20 
mm. in size. The intensity of illumination was 2,400 lux as measured 
before a colored filter. The patch was presented on a vertical screen 
standing at a distance of 30 cm. in front of the subject’s eye. This colored 
patch was viewed by the right eye through a stereoscope. The white test 
patch used was a circle of 2 mm. in diameter, and viewed by the left eye. 
The two patches were so arranged that the stereoscopically fused pattern 
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Fig. 1. Curves of physiological induction transferred from right eye to 
left eye. Ordinates : Percentage increases in electrical excitability of left eye 
following photic stimuli, colored and white. Abscissae: Time in sec. after 
end of white stimulus. Colored light, I, was given to right eye, and white, Wh, 
to left eye so as to stimulate corresponding points. Experimental arrangement 
and sequence of stimuli are shown in insets, where L.F.P., R.F.P., S and t 
denote fixation point for left eye, that for right eye, electrical pulse of 0.1 sec., 
and time interval between Wh and S respectively. Curves labeled Y-Wh, G- 
Wh, B-Wh and Wh were obtained with sequences of stimuli, yellow and white, 


green and white, blue and white, and white alone respectively. 


wasja colored square with a circle at its center. A fixation point, a small 
red light, was put below each patch so that the corresponding points of 
both eyes were stimulated. First the colored patch and then the white 
one were presented each for 2 seconds at an interval of 2 seconds between 
them. The electrical excitability was measured 0.5, 1, 1.5, 2, 3 and 4 seconds 
after the end of the white test stimulus. For control a £-time curve for 
the white light alone was obtained (see the broken curve in Fig. 1). The 
curve labeled B-Wh was obtained with a paired stimuli, blue and white ; 
it is much higher than the control curve and has a maximum at 1.5 sec. 
The form of this curve coincides with that of the curve which would be 
obtained when both stimuli were given to the left eye. The curves labeled 
Y-Wh and G-Wh were obtained when yellow and green lights were used 
as inducing stimuli, respectively. From these experiments it may be said 
that curves of binocular induction cannot be distinguished from those 
of monocular induction. 

2. Development of binocular induction 

Katayama and Aizawa*) found that no indirect induction appeared 
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when the interval between the inducing and test flashes was too short. 
The magnitude of induction increased with increasing intervals and reached 
a steady level at an interval of about 100 msec. In the present experiment 
it was investigated whether or not the same was true with binocular induc- 
tion. Curves of binocular inductions were measured with flashes of 10 
msec. and are represented in Fig. 2. The broken curve represents a control 
obtained by a white flash alone. As can be seen in this figure, the curve 
obtained at an interval of 100 msec. almost coincides with the control 


c 











Bot al PP ! 1 Wh s 
> HO" Ft. j 
LEP RFP <> 
70F Bad ts 
* t 
xeamx 6,000msec. 
60F 2 Jems 4,000 
, aes 3,000 
= Ceo |,850 
50Pr a seams |,300 
Ommmc 500 
ome (00 
40r 
30r 
20F 
1 Oo} = 
BS 
rn . . - t 
a) 1 2 3 4 sec. 


Fig. 2. Curves of physiological induction transferred from right eye to left 
eye and their dependence on interval between onset of inducing blue flash and 
that of white test flsah. Duration of flashes was 10 msec. Broken curve repre- 
sents control curve obtained by white flash alone. Experimental arrangement 
and time sequence of stimuli are shown in insets, where notations are same as 
in Fig. 1. Intensity of I was 95,000 lux without filter and that of Wh 10,000 
lux. Patch, I, was a square of 55mm. in size and patch, Wh, a circle of 


2mm. in diameter. 


curve, in other words, binocular induction is absent, when the test flash is 
given 100 msec. after the onset of the inducing flash. As can be seen from 
the other curves the difference from the control became more and more 
pronounced and attained a steady level at an interval of 4,000 msec. This 
finding may be so interpreted that time is required for development of 
binocular induction. 

3. Development of monocular induction 

Similar experiments were performed on monocular induction for 
comparison with the above-mentioned binocular one. In these experiments 
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one and the same retinal area of the left eye was exposed to the inducing 
and test stimuli, the other experimental conditions being the same as above. 
The results obtained are illustrated in Fig. 3, where the broken curve repre- 
sents a control curve for the white flash alone. When the interval between 
the onsets of both flashes was longer than 80 msec., the curves of monocular 
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Fig. 3. Curves of induction obtained when all stimuli were given to left ey 
(monocular induction). Broken curve represents control for white light alone. 
Other experimental conditions were same as in Fig. 2. 


induction showed a maximum at 1.5 sec. in agreement with the curves 
of binocular induction illustrated in Fig. 2, but when the interval was 
shorter than 80 msec., the curves showed a maximum at 3 sec. as if it were 
a £-time curve for blue light alone. The subject reported that the sub- 
sequently presented white spot looked yellowish, when the interval was 
longer than 80 msec., but that it looked bluish-white when the interval was 
shorter than 80 msec. It is a known fact that color-mixing occurs when 
two stimuli are presented in succession at a sufficiently short interval. The 
curves having a maximum at 3 sec. may be a physiological counterpart 
of the subjective sensation of bluish-white. 

For the full development of monocular induction the interval must 
be longer than 100 msec., and this finding agrees well with that obtained 
by Katayama and Aizawa on the indirect monocular induction. A period 
of 100 msec. required for full development of monocular induction is 
decidedly short as compared with a period of 4,000 msec. that was required 
for full development of binocular induction (cf. Figs. 2 and 3). 
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4. Time-courses of development of binocular and monocular inductions 

As shown in Fig. 2, the curves of induction caused by a blue stimulus 
have a maximum at 1.5 sec., and at this moment the difference from the 
control curve is largest. Therefore the degree of induction can be measured 
by the difference in the ordinates of both curves at 1.5 sec. This measure 
is called a contrast effect (C.E.). 

In Fig. 4 contrast effects are plotted as ordinates against intervals 
between the onsets of both stimuli (see the curve makred by crosses). This 
curve shows that the induction caused transocularly becomes manifest 
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Fig. 4. Comparison of rates of development of both kinds of induction, 
binocular and monocular. Ordinates: Contrast effects (C.E.). Abscissae : 
Time intervals between onsets of inducing blue flash and white test flash. Curve 
marked by crosses refers to binocular induction. Experimental conditions as 
in Fig. 2. Curves marked by open circles and by dots refer to monocular and 
binocular inductions respectively. They were obtained under comparable 
conditions. Duration of flashes was 0.5 sec. Intensity of I was 2,000 lux 
without filter, and that of Wh 40 lux. 


about 300 msec. after the onset of the inducing flash, develops almost 
linearly with time and reaches a steady level in about 4,000 msec. The 
curve marked by open circles in the same figure refers to monocular induc- 
tion obtained under somewhat different experimental conditions; the 
duration of both stimuli was 0.5 sec., and the intensity of the blue stimulus 
used was 2,000 lux as measured before the filter. The intensity of the white 
test light was 40 lux. This curve indicates that the degree of monocular 
induction is independent of the interval for such long intervals as used in 
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this experiment. For comparison with this experiment binocular induction 
was measured under comparable experimental conditions. The result is 
represented by the curve marked by dots in the same figure. The trend 
of the curve is quite similar to that of the curve obtained with much shorter 
flashes (cf. the curves marked by crosses and by dots). 

In order to study the development of monocular induction in detail> 
some experiments were carried out with flashes of 10 msec. on two subjects’ 
The intensity of the inducing flashes was 95,000 and 1,900 lux. ‘The results 
are shown in Fig. 5. The curves of development of induction are sigmoid> 
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Fig. 5. Rate of development of monocular induction. Experimental con- 
ditions were same as in Fig. 3. Intensity of I was 95,000 lux for curves marked 
by dots, and 1;900 lux for curves marked by open circles. K.W. and K.M. re- 


present data obtained from different subjects. 


and the ordinate is not zero even for the shortest interval. This is due to 
the circumstance mentioned above that color-mixing occurred at such 
short intervals. For this reason the latency of monocular direct induction 
cannot be determined accurately, although it is clear that the latency is 
shorter than 80 msec. on the basis of the experiments shown in Fig. 3. If it 
is permitted to determine the latency by extrapolation of the linear part 
of the curve, values of about 40 msec. will be obtained. These values are 
decidedly small as compared with the latency of 300 msec. for binocular 
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induction. 

5. Binocular indirect induction 

The experiments mentioned above concern direct induction which 
has been produced by a paired stimuli applied to one and the same retinal 
area in case of monocular induction or to corresponding points in case of 
binocular induction. 

In the following experiments disparate points of both eyes were 
stimulated. ‘The experimental conditions were the same as in Fig. 2. ex- 
cept for stimulation of the disparate points. To ensure the full develop- 
ment of binocular induction, the interval between the onsets of both stimuli 
was made + sec. ‘The results obtained are shown in Fig. 6., where a broken 
curve represents a control. For an apparent distance of 1 mm. between 
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Fig. 6. Curves of indirect binocular induction. Disparate points were 
stimulated by I and Wh. See dependence on apparent distance between I 
and Wh. 


the images of both stimuli the curve marked by crosses was obtained. This 
curve has a maximum ‘at 3 sec. just as a curve of monocular indirect in- 
duction. ‘The magnitude of induction decreased when the apparent dis- 
tance was increased to 5mm. (see the curve marked by open circles). 
Therefore it holds good for both monocular and binocular indirect induc- 
tions that the intensity of induction decreases with increasing distances 
from the margin of the inducing field. 


DiIscussION 


Classical experiments on binocular contrast are reviewed in a paper 
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by Tschermak!”’. Among various observations the so-called “ lateral 
window experiment” by Fechner is one of the most interesting experi- 
ments. In this experiment a white spot on the dark background looked 
as a blue-green spot on the yellow-red background to one eye of an ob- 
server which was illuminated by yellow-red light from the lateral side 
through the screla. This phenomenon is usual monocular contrast. Un- 
der this condition the spot did not seem white to the other unilluminated 
eye, but was tinged with the same color as the illuminating yellow-red 
light. 

The latter phenomenon was regarded by Fechner as binocular con- 
trast, but it was argued by Ebbinghaus that it might be a result of binocular 
color-mixing. Fechner avoided fusion of binocular images of the white 
spot by volitionally increasing or decreasng the convergence of both eyes. 
Therefore the images of the white spot were formed on disparate points 
of both eyes. If binocular color-mixing should occur, as maintained by 
Ebbinghaus, the white spot will appear yellow-red to the unilluminated 
eye, because the transocular stimulus of yellow-red will be added to the 
direct stimulus of white. The argument of color-mixing will be less tenable 
in the following experiment utilizing after-images. After removal of adap- 
ting colored light illuminating one eye alone, double images of a white spot 
were produced either by a change of convergence or using a stereoscope. 
Then the white spot appeared to the color-adapted eye as a spot of hue 
complementary to the adapting colored light. ‘This phenomenon is suc- 
cessive color contrast. Under this condition the white spot looked to the 
not pre-adapted eye as a spot tinged with the same color as the adapting 
light. ‘The latter phenomenon occurred even when the not pre-adapted 
eye viewed no coloring on the background. 

A physiological counterpart of this psychological experiment can be 
found in the results shown in Figs. 2 and 6. In the psychological experi- 
ment the eye preilluminated by colored light viewed a complementarily 
colored spot on exposure to the subsequent white test spot. Corresponding 
to this, the curve of monocular direct induction was in character comple- 
mentary to the curve for the inducing colored light alone (see Fig. 3). In 
the psychological experiment the not pre-adapted eye viewed a spot of the 
same color as the adapting colored light on exposure to the white test 
spot, and in agreement with this the curve of binocular indirect induction 
was in character the same as the curve for the inducing light alone (see 
Fig. 6). 

In the above-mentioned psychological experiments the comple- 
mentary relation between the two spots viewed by the two eyes was espe- 
cially striking, because the two spots, one for monocular induction and the 
other for binocular induction, were simultaneously compared with each 
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other. This was an advantage of such methods utilizing double images. 
However, with these methods we cannot obtain any information of induc- 
tion produced at corresponding points, because color-mixing which is un- 
avoidable in the experiment on corresponding points will make discrimina- 
tion of inductions produced in the respective eyes almost impossible. 

On the contrary, it is an advantage of the present method to enable 
us to measure binocular induction produced at a corresponding point with 
the same ease as in the measurement of induction produced at a disparate 
point (see Figs. 1 and 2). 

It is a striking fact that the rate of development of binocular induction 
is decidedly slow as compared with that of monocular induction, but the 
physiological mechanism for this phenomenon is entirely obscure at the 
present time. 


SUMMARY 


Physiological induction transferred from one eye to the other or 
binocular induction was studied by the method of electrostimulation with 
electrical phosphenes as an index. 

1. The properties of curves of induction were the same for monocular 
and binocular inductions and correspond well to the properties of monocular 
and binocular contrasts. 

2. There is, however, a striking difference between monocular and 
binocular induction in the rate of development. The latency of binocular 
induction was found to be about 300 msec., while that of monocular induc- 
tion was about 40 msec. 

3. It took about 4,000 msec. for full development of binocular induc- 
tion, but such a short period of about 100 msec. was sufficient for mono- 
cular induction to develop in full magnitude. 

4. The correlation between physiological induction and psychological 
contrast was discussed. 
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Without adequate information on the dynamics of the cerebrospinal 
fluid (abbreviated hereunder to CSF), it would be impossible to discuss 
the treatment of hydrocephalus. In the first years of the current century, 
the physiology concerning the CSF seemed to have attained a definite 
conclusions,!’-® but more recently, dissensions have been raised and the 
theories concerning the CSF have been thrown again into confusion.*)-!*) 
So, the present author made researches on the production and absorption 
of CSF, utilizing the isotopes Na-24 and P-32 and radioiodinated human 
serum albumin (abbreviated hereunder to RIHSA). 

Investigation was done on how and where in the CSF space CSF is 
produced and absorbed in dogs with the three CSF spaces divided experi- 
mentally, i.e. the ventricle and the cerebral and the spinal subarachnoid 
spaces, by analysing the degree of the turnover of radioisotopes from blood 
to CSF and vice versa. 


EXPERIMENTAL 
Method 


Normal dogs weighing approximately 10 kg. were used in this experi- 
ment. After anesthetization by intravenous injection of sodium pentothal, 
the CSF space was divided into the three compartments by blocking the 
CSF space in the aqueduct of Sylvius and the 2nd thoracic vertebral 
region. 

For blocking the aqueduct of Sylvius, a conical rubber plug of 3 mm. in 
base diameter and 20 mm. in height was introduced into the aqueduct of 
Sylvius in its entire length. If this procedure was done successfully, the 
dog survived and showed enlargement of the ventricles in one month (Fig. 
1). For blocking the 2nd thoracic vertebral region, the dura was exposed 
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1 cm. in length after laminectomy, and extradural ligation was done with 
a gauze ribbon. 

In the first place, after the intravenous injection of Na-24 in the dose 
of 2 we per kg of body weight, its appearance in each divided CSF com- 
partment and its disappearance in the blood was investigated for four 
hours. 0.1 cc. each of CSF was sampled from the ventricle with an in- 
jection needle through the small bur hole, from the cerebral subarachnoid 
space through a small polyethylene tubing inserted into the basis of the 
brain and from the spinal subarachnoid space through a similar tube in- 
serted into the CSF space through the ligated part. A CSF sample was 
used only when it was quite clear in appearance. 


a ee ee 





Fig. 1. Frontal (left) and sagittal sections of the brain of hydrocedhalic 


dog. 


In the next place, after the injection of Na-24 in the same dose as 
above into one of the divided CSF compartments, blood was sampled from 
three veins, i.c. the superior sagittal sinus, the jugular vein and the femoral 
vein every hour for four hours. ‘The serum prepared by centrifugation 
of these blood samples was examined for its radioactivity. The other CSF 
compartments were examined in the same way. 

With an infrared lamp the sample of CSF or serum was completely 
dried in an assay dish made by The Scientific Institute, Tokyo, and the 
radioactivity of each sample was then determined by means of a Geiger- 
Mueller counter, and after correction for decay etc. it was expressed in 
arbitrary units. 

Besides, similar experiments were also carried out using P-32 and 
RIHSA as tracers. 

The concentrations of the labelled ions in the blood or CSF were 
expressed in the terms of a unit which is the ratio of the radioactivity of the 
sample to the radioactivity of the isotopes administered. This is expressed 
mathematically by the formula : 


behind Radioactive count per ml. of sample 
Unit in sample 


Radioactive count in administered dose per g. of weight 
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Results 


a) The turnover of Na-24 from blood to CSF 

Na-24 would appear first and most rapidly in the cerebral ventricle, 
and the appearance in the cerebral subarachnoid space would lag behind 
this while the appearance in the spinal subarrachnoid space was the slowest. 
Four hours after the injection the concentration of Na-24 in the ventricular 
fluid and blood showed approximately the same value, and those in the 
other CSF compartments showed lower value than this (Fig. 2). 

b) The turnover of P-32 from blood to CSF 

The sequence of the appearance of P-32 in each isolated compartment 
was similar to Na-24. But it differed from Na-24 in that the concentration 
curves reached the highest concentration one hour after the injection ; 
the appearance of P-32 in CSF is slower on the whole, and its concentrations 
in CSF in all the compartments three hours after the injection were nearly 
equal while the concentrations in blood showed a considerably higher level 
than that in CSF (Fig. 2). 

c) The turnover of RIHSA blood from to CSF 

Compared with Na-24 and P-32, the appearance in the CSF space 
was much slower. It could not be determined in which compartment the 
appearance was the quickest, while the concentration in blood still showed 
a much higher value four hours after the injection (Fig. 2). 
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Fig. 2. Turnover of Na-24, P-32 and RIHSA from blood to CSF. @ 
Blood. © --- Ventricular CSF. “)---::- Spinal subarach. CSF. /\-+-+ Cere- 
bral subarach. CSF. 


d) The turnover of Na-24 from CSF to blood 

Following injection in the lateral ventricle, Na-24 soon began to ap- 
pear in rising concentration simultaneously in each vein within the first 
30 minutes, then its concentration in blood rose comparatively slowly 


(Fig. 3, A). 
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When injected into the cerebral subarachonoid space, Na-24 would 
appear soonest in the superior sagittal sinus, attaining the maximum con- 
centration in 15 minutes later, then decreasing rapidly. The appearance 
in the jugular vein was less rapid and the concentration showed a lower 
and more delayed maximum than that in-the superior sagittal sinus. The 
appearance in the femoral vein was the latest and the concentration showed 
a low maximum two and a half hours later. Therefater the three con- 
centration curves would descend gradually in approximately the same 
forms (Fig. 3, B). 

When injected into the spinal subarachnoid space, the concentration 
curves were almost the same as the case of the injection into the lateral 
ventricle (Fig. 3, C). 
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Fig. 3. Turnover of Na-24 from CSF to blood. (A) After injection into 
the lateral ventricle. (B) After injection into the cerebral subarachnoid space, 
(C) After injection into the spinal subarachnoid space. ©- - - in the superior 


sagittal sinus. \---- in the jugular vein. ---- in the femoral vein. 


(The same marks used in Figs. 3, 4, 5, too) 


e) The turnover of P-32 from CSF to blood 

When injected into the lateral ventricle, the concentration curves 
would show form equal with the maximum within 15 minutes after the 
injection, then descend gradually (Fig. 4, A). 

When injected into the cerebral subarachnoid space, P-32 would 
appear soonest in the superior sagittal sinus, next in the jugular vein and 
latest in the femoral vein. The concentration curves always showed the 
maximum within 15 minutes after the injection and descended gradually 
in nearly the same form two hours thereafter (Fig. 4, B). 

When injected into the spinal subarachnoid space, the concentration 
curves would show the maximum of the same grade, thereafter descend in 
similar configuration (Fig. 4, C). 
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Fig. 3. 


JS) The turnover of RIHSA from CSF to blood 

When injected into the lateral ventricle, RIHSA would come out 
more slowly in a lower concentration in all the veins (Fig. 5, A). 
When injected into the cerebral subarachnoid space, the concentration 
curves showed slow ascent in the first two hours, thereafter RIHSA increased 
rapidly especially in the superior sagittal sinus (Fig. 5, B). 

When injected into the spinal subarachnoid space, the concentration 

curves were almost the same 


(Fig. 5, C). 


as the case of injection into the lateral ventricle 
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Since Cushing,®)*) Weed?) and Dandy®, it has been believed that 
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CSF is elaborated in the choroid plexus, while some investigators state that 
CSF is secreted from the perivascular spaces!) or it is an interstitial fluid 
coming from the brain.!*!*) But these theories attracted no general at- 
tention, and recent studies with tracer ions have totally discredited them. 
Bering!”!?) demonstrated that the choroid plexus is of no importance in 
the production of CSF, which is produced everywhere in the CSF space 
uniformly. Sweet*’® also found that CSF is produced when hole it CSF 
space, and Konno!” reported the same result using P-32. These findings 
were contrary to Cushing’s theory. 

Making three divisions in the CSF space experimentally, the present 
author investigated the turnover from blood to CSF of the inorganic sub- 
stances Na and P and the serum protein witn Na-24, P-32 and RIHSA as 
tracers. ‘The inorganic substances were produced in large quantities in 
each CSF compartment, especially in the ventricle, whereas the production 
of protein’® was less active during the four hours observed but in equal 
degree in all the compartments. But observations in clinical cases showed 
a continuous increase of protein, too, in the CSF space, only with a smaller 
turnover rate (Fig. 6). As demonstrated by Greenberg!”), it is thought 
that the differences in the turnover of various isotopes is due to their dif- 
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Fig. 6. Case No. 24, Turnover of RIHSA from blood to CSF. @— 
Blood, - Ventricular CSF. 
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ferent molecular weights, charges and metabolic rates. 

As regards the absorption of CSF, Weed? stated it takes place in the 
arachnoid villi and Dendy® in the vascular system in all the subarachnoid 
space, while Adams”) and Bedford!*) demonstrated that it takes place not 
only in the arachnoid villi but also in the distal capillaries of the space by 
experiments using P-32 or pigments; that is to say, they seem to agree 
that the absorption of CSF takes place for the most part in the subarachnoid 
space, whereas Bering! and others®!>) stated that the absorption of CSF 
takes place everywhere in all the CSF space, that is, even in the ventricle, 
by experiments using isotopes. 

The present author investigated the turnover of Na-24, P-32 and 
RIHSA into the superior sagittal sinus, the jugular vein and the femoral 
vein in experiments with the space divided into three compartments, 
namely, the ventricular system, the cerebral and the spinal subarachnoid 
space. ‘The degree of turnover of isotopes was expressed in terms of the 
turnover rate, which is in turn expressed by the ratio of maximum con- 
centration to the time til] the maximum concentration is attained. This 
relation is as follows : 

Wabi tii Maximum concentration . 

lime till maximum concentration 

Concerning each isotope injected in a compartment, the concentration 
curves for the three veins were compared to show the largest turnover rate. 
Only when injected into the cerebral subarachnoid space, did the isotopes 
show the largest turnover rate in the superior sagittal sinus, but when in- 


jected into the other CSF compartments the turnover rates were appro- 


ximately equal in all the veins. 

Next, the turnover rate of the same isotope in the femoral vein was 
studied to determine where in the CSF compartments it is the soonest 
absorbed, as shown in Table I, for the femoral blood will best show the 
average concentration of the isotopes absorbed by reason of the remote 
location of the femoral vein from the CSF space. It was found that isotopes 
were the most rapidly absorbed into blood when injected into the cerebral 
subarachnoid space, while when injected into any other CSF compartment 
a tardier absorption curve was obtained. This relation is most prominent 
with RIHSA. The fact that the absorption of CSF takes place everywhere 
in all CSF space but especially most rapidly in the cerebral subarachnoid 
space seems to be a more advanced theory than Bering’s. 

Moreover, the concentration of the isotopes in the femoral vein showed 
the same value with Na-24 and P-32 whichever had been injected, but with 
RIHSA a different value was obtained. It is thought that this fact is due 
to the rapid turnover rate of Na-24 and P-32 and the slow turnover rate 


of RIHSA. 
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TABLE I 
In the female vein 
E £.. be 
——_ Vein of first = & Hse g 
Site imyectec appearance & § ne: - 5 ak 
¥ gos Eo £5 
Ss = S65 3 os 
Ventricle 8 4.0 0.7 2.8 
Cerebral subarach- Superior sagittal sees " 
Na-24 noid space sinus 2.5 2.5 1.0 2.4 
ae eee 2.8 | 4.0 0.7 | 2.8 
noid space i 
Ventricle | 1.4 0.25 5.6 0.5 
Cerebral subarach- Superior sagittal | = 
P-32 noid space sinus 1.6 0.25 6.4 0.3 
Spinal subarach- 1.2 0.5 24 0.5 
noid space 
Ventricle 0.6 4.0 0.1 0.6 
Cerebral subarach- | Superior sagittal F 
RIHSA noid space sinus 1.3 4.0 0.3 1.3 
Spinal subarach- 0.7 4.0 0.2 0.7 


noid space 


SUMMARY 


Upon experiment with the CSF space partitioned into the ventricle, the 
cerebral and the spinal subarachnoid spaces, CSF was found to be produced 
and absorbed in every part of the CSF space, but in different quantities by 


parts ; 


greatest in the cerebral subarachnoid space. 


stances, 


its production was most active in the ventricle, and absorption 
Turnover of inorganic sub- 
as traced by Na-24 and P-32, from blood to CSF and vice versa 


was found rapid, but that of organic protein, as traced by RIHSA, was 


very slow. 


Such a slow turn over of RIHSA suggests its high availability 


as tracer in studying the circulation of CSF. 
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Following injection of RIHSA ito the ventricle of hydrocephalic dogs 
and into the ventricle, the cisteraa magna or the lumbar subarachnoid 
space of normal dogs, the radicactivity was determined in each region. 
Jesides, in order to determine tle factor of diffusion related to the flow of 
CSF, a similar experiments was done with a CSF space model which the 
author had manufactered, and the author investigated whether the circula- 
tion takes place in the CSF space. RIHSA, a protein with a slow absorp- 
tion rate as shown in Part I and emitting a strong y ray, was considered to 
be the most suitable substance in the determination of the circulation, for 
its emigration can be measured on the body surface. 


EXPERIMENTAL 
Method 


Using dogs weighing approximately 10 kg. under intravenous anestheti- 
zation with sodium pentothal, the experiment was done in the fixed prone 
horizontal position. First, after injection of RIHSA in the dose of 200 ue 
into the lateral ventricle of normal dogs, the radioactivity was determined in 
three regions, namely, the central region of the head, the cisternal region 
and the lumbar region at the distance of 3 cm. from the skin by means of 
a Geiger-Mueller counter. The injected dose of RIHSA was less than 
0.1 cc. and the same volume of CSF had been removed before the injection. 
The turnover of RIHSA to the jugular vein was observed for eight hours 
of the experiment and the radioactivity of CSF sampled from each com- 
partment was also measured after the termination of the experiment. The 
above experiment was repeated after injection of RIHSA in the cisterna 
magna or the lumbar subarachnoid space of normal dogs and the lateral 
ventricle of experimental hydrocephalic dogs. 
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The CSF space model consisted of a spherical rubber balloon of 5 ccm 
in diameter representing the ventricle, a long columnar rubber balloon 
of lcm. in diameter and 40cm. in length representing the spinal sub- 
arachnoid space and a small glass tube of 5 mm. in diameter representing 
the aqueduct of Sylvius connecting them and inserted into a chain of 30 
small glass rings representing the vertebrae. These were closely packed in 
a large glass tube, so that an air layer—to which a periodical pressure 
change synchronizing the heart beat in 5-10 cm. H,O was applied—was 
left between the soft part of the rubber balloon and the hard shell of glass 
(Fig. 1). The experiments were done in both the quiet horizontal posi- 
tion and the horizontal position with pressure change. The radioactivity 
was determined at the injected region and a region 15 cm. away from the 
injected region for eight hours. Besides, a similar experiment was done 


| 
|| U-shaped tube Vinyl tube 
B 


| 
| 
| 








Fig. 1. Model of CSF space. A: Spherical rubber balloon. B: 
Columnar rubber balloon. C: Small glass tube. 


following the injection of RIHSA into the lower end of the columnar rubber 
balloon, but in this case the experiment in the reverse perpendicular posi- 
tion of the model without pressure change was added in order to study the 
transfer of RIHSA by gravitation. 


Results 


I. Experiment in Animals 


a) Emigration of RIHSA from the lateral ventricle 

The radioactivity in the central region of the head begins to decrease 
to half rapidly in two and a half hours after the injection, thereafter, the 
decrease becomes comparatively gradual. In the cisternal region, the 
radioactivity would increase to take the maximum in one and a half hours, 
thereafter would decrease in parallel with that in the central region of the 
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head. ‘The radioactivity in the lumbar region is very slow and increases 
only slowly (Fig. 2,A). 

b) Emigration of RIHSA from the cisterna magna 

The decrease of the radioactivity in the injected region was more rapid 
than in the lateral ventricle above, and in the central region of the head 
the radioactivity was somewhat higher from the beginning. The radio- 
activity in both the central region of the head and the cisternal region 
showed a parallel decrease up to two hours after the injection. The in- 
crease of the radioactivity in the lumbar region was larger than when in- 
jected into the lateral ventricle. In the central region of the head and the 
cisternal region, the radioactivity became constant within four hours after 
the injection, but the curve of the cisternal region alone descended (Fig. 2, 
B). 

c) Emigration of RIHSA from the lumbar subarachnoid space 

Compared with the above two cases, the decrease of the radioactivity 
was slower in the injected region, and the radioactivity remained more 
than one-half of that of the injected time three hours after the injection. 
The radioactivity in the cisternal region would increase rather slowly to 
attain the maximum three and a half hours after the injection, but there- 
after it decreased. In the central region of the head it would show a slight 
and gradual increase, and approximate that in the cisternal region (Fig. 2, 
C). 

d) Emigration of RIHSA from the lateral ventricle of hydrocephalic dogs 

Unlike in normal dogs, the radioactivity in the central region of the 
head would show quite the same value for eight hours continuously. The 
radioactivity was very slow in the cisternal region and almost nil in the 
lumbar region throughout the experiment (Fig. 2, D). 

Next, the turnover of RIHSA, injected into the CSF space, to blood 
was the largest when injected into the cisterna magna, followed by injec- 
tions into the lateral ventricle, the lumbar subarachnoid space of normal 
dogs and the lateral ventricle of hydrocephalic dogs, in which case the 
turnover was especially very slow (Fig. 3). Measured after the comple- 
tion of this experiment, the radioactivity of CSF in each region correspond- 
ed to the value measured by external determination, respectively, but the 
radioactivity of CSF in the lateral ventricle was very slow when RIHSA 
was injected into the cisterna magna and the lumbar subarachnoid space 
(Table I). 

Besides, following injection of RIHSA into the lateral ventricle of 
normal and hydrocephalic dogs scinitigrams of the head were taken four 
hours after the injection with a well-type scintilation counter. In hydro- 
cephalic dogs blackening did not appear below the obstructed region of 
the ventricular system, while in normal dogs a diffuse blackening was ob- 
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B) After injection into the cisterna magna. 


subarachnoid space. 


cephalic dog. 


cisternal region. 


served’ in this region 


When injected into the spherical rubber balloon, RIHSA did not pas 
much beyond the straitened region and the curve obtained was similar to 
that of the hydrocephalic dogs (Fig. 5, A). 
RIHSA passed over the straitened region and the radioactivity in the in- 
jected region decreased gradually (Fig. 5, A’). 

When injected into the columnar rubber balloon, the RIHSA’s radio- 
activity in the injected region showed a fairly large decrease one hour after 
the injection even in the quiet state, but the subsequent decrease was slow 
When pressure change was applied, the initial decrease was 


(Fig. 5, B). 


remarkable, the radioactivity falling to a fairly low value one hour after 
The radioactivity 


the injection, thereafter the decrease became gradual. 
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Fig. 3. Turnover of RIHSA from CSF to blood in various conditions. 


Following injection into the lateral ventricle. - —- Following 
injection into the cisterna magna.  ----- Following injection into the lum- 
bar subarachnoid space. @ Following injection into the lateral ventricle 


of hydrocephalic dog. 





TABLE I 
CSF sampled from 
Site injected : ; ‘: Lumbar subarchnoid 
Ventricle Cisterna magna space 
Ventricle 97 46 
Cisterna magna 7 49 
Lumbar subarachnoid space 0 22 154 
} unit: CPM 0.1 cc. 
| in the region 15 cm. away from the injected region showed a larger increase 
re in the cases applied pressure change than in the quiet position (Fig. 5, B’). 
Lately, in the experiment with the model in a reverse perpendicular 
’ position, after the injection into the columnar rubber balloon, the radio- 
‘i activity in both the injected region and in the region 15 cm. distant nearly j 
' equalized within one hour after the position change (Fig. 5, B). 
T Discussion 
W ; : 
- It seems to be owing to the low accuracy, which was expected, that 
® studies on the circulation of CSF have been very scarce while many studies 
on the production and absorption of CSF are reported. In general, it 
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Fig. 4. Scintigram of the head. \) Normal dog. (B) Hydrocephalic 


dog. 


seems that the mode of circulation of CSI was calculated from the place 
of production and absorption of CSF inductively. A method!” for in- 
fering the flow of CSF by the emigration of India ink injected in animals 
has a defect in that the results cannot be observed in the living state, for 
the animal must be dissected at the prescribed interval after the injection. 


The other method"* for studying the flow of CSF by the emigraiton of 


pigments or isotopes using CSF sampled after their injection also has a 
defect in that it causes artificial streaming of CSF. Moreover, a substance 
which is absorbed rapidly in the injected region such as Na-24 or P-32 is 
unsuitable in these experiments and the reports using it?) are questionable. 

As stated in PART I, RIHSA is absorbed very slowly in the CSF 
space and a strong y ray emitter. By this reason, it is thought that RIHSA 
is the most suitable substance for the investigation of circulation of CSF. 
A decrease or an increase of the radioactivity measured may be taken as 
an index of the transfer of RIHSA from or to the injected region. 

RIHSA, however, migrates not only by the streaming of CSF but also 
by its own diffusion, which is influenced by the pressure change of the 
heart beat or respiration and the movement of the body. Therefore the 
author made the CSF-space model above and planned to investigate the 
emigration of RIHSA only by the flow of CSF, eliminating the influence 
of diffusion. 

When RIHSA was injected into the spherical rubber balloon in the 
horizontal quiet position, the decrease of the radioactivity in the injected 


region was quite slow—perhaps because the straitened region prevented 
the diffusion. When RIHSA was injected into the columnar rubber bal- 
loon, the diffusion took place fairly fast because there was no bottleneck. 
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Fig. 5. Radioactivity curves. (A) After injection into the spherical 


rubber balloon at rest. (A’) After injection into the spherical rubber balloon 
under pressure change. (B) After injection into the columnar rubber balloon 
at rest in horizontal and reverse perpendicular position. (B’) After injection 
into the columnar rubber balloon under pressure change. at the 
spherical rubber balloon. --- at 15cm. away from the site injected. 

---- at the columnar rubber balloon. §---- at the columnar rubber bal- 
loon (reverse perpendicular position). A&---- at 15cm. away from the 


site injected (reverse perpendicular position). 


As CSF in living beings is always influenced by the pressure change 
that results from blood pressure and respiratory movement, a corresponding 
pressure change was applied to the CSF-space model for the purpose of 
studying the effect of pressure change on the diffusion. 
increased by the pressure change also when RIHSA was injected into the 
spherical rubber balloon. 

When RIHSA was injected into the lateral ventricle of normal dogs, 
the decrease of the radioactivity was far greater than when it was injected 
into the spherical rubber balloon with pressure change. 
the decrease of the radioactivity in the lateral ventricle is not considered to 
be due only to diffusion, and cannot be interpreted without taking the flow 


The diffusion was 


For this reason, 





66 T. Ishibashi 


from the ventricle to the cisternal region into account. To the findings 
that the decrease in the living beings is greater than in the model, the 
following objection may raised: it is due not to the flow but to diffusion, 
and to the larger ratio between the ventricular volume and the section 
area of the aqueduct than the ratio between the volume of the spherical rub- 
ber balloon and the section area of the straitened region of the glass tube. 
Considering this, the author made a model in which the ratio was larger. 

As mentioned above, the flow of CSF from the ventricle to the cisternal 
region was proved. Moreover, the author assumes that a flow from the 
cisternal region to the cerebral subarachnoid space exists also, because 
when the radioactivity of CSF in the cisterna magna and the lateral ven- 
tricle was compared eight hours after the injection, the emigration of RIHSA 
into the lateral ventricle was almost imperceptible and this would be the 
same only for a few minutes after the injection. And the rapid increase 
of the radioactivity in the central region of the head makes us infer not only 
a diffusion of RIHSA but a flow of CSF. This is in accordance with the 
fact that the absorption of CSF is most rapid in the cerebral subarachnoid 
pace as stated in Part I. 

Concerning the flow in the spinal subarachnoid space, there is no 
definite opinion, for Eichler’) advocated the existence of a slight ascending 
flow, Sachs*®) denied any flow but Suhara® claimed the existence of a des- 
cending flow. Investigationg the transfer of RIHSA in the spinal subara- 
chnoid space, the present author found it similar to the cases in the hori- 
zontal quiet position of the columnar rubber balloon, in which the larger 
initial decrease was ascribed to the large diameter of the tube. 


SUMMARY 


By following up the change by time in the radioactivity of RIHSA 
injected into the lateral ventricle, the cisterna magna and the lumbar 
subarachnoid space of normal dogs, and making similar measurements 
with a model of such CSF spaces, for better determination of the influence 
of osmotic diffusion, it was confirmed that streams of CSF flowed at least 
from the ventricle to the cisterna magna and thence to the cerebral surface. 
No proof, however, could be obtained on the existence of any such stream 
in the spinal subarachnoid space. 
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Part III. The Production of Cerebrospinal Fluid in Various 
Brain Diseases, Especially the Influence of Intravenous 
Injection of 50°, Glucose Solution on the Production 
of Cerebrospinal Fluid 
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In order to study how CSF is produced in the case of various brain 
diseases, namely, cases with high intracranial pressure with or without 
strong brain edema and cases considered free of organic damage of the 
brain, the turnover of P-32 from blood to CSF in such cases was investigated. 
How intravenous injections of hypertonic glucose solution!?) which lower 
the intracranial pressure act in these cases was also investigated using 


P-32. 
EXPERIMENTAL 


Method 


The following experiment was carried out in four cases of brain tumor, 
two cases of internal hydrocephalus, two cases of epilepsy, three cases of 
headache and two cases of schizophrenia—13 cases in total. Following 
injection of P-32 in the dose of 6 wc per kg., blood was sampled from the 
cubital vein several times successively, and the radioactivity in a definite 
volume of blood was determined after they were dried completely in an 
assay dish by infrared lamp. On the next day, the same experiment was 
repeated following slow intravenous injection of 50% glucose solution and 
later of P-32 in the above dose. In order to exclude any influence of the 
ventricular drainage on the brain substance, the experiment was done three 
days after the operation. Thus the ternover of P-32 to CSF and the 
disappearance of P-32 from blood were investigated. 

CSF was sampled through a polyethylene tubing inserted into the 
lateral ventricle in the patients with brain tumor or suspected brain tumor, 
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and by lumbar puncture in lateral position in the other patients. Without 
applying aspiration under negative pressure, only the CSF which flowed 
out spontaneously was used. 

Before the experiment, the CSF pressure was determined by means 
of a manometer. 


Results 


The results of the experiment were analysed according to the turnover 
rate as shown in Part I. ‘The diminution rate was defined as the ratio of 
the difference between the turnover rates before and after the injection of 
50°%,, glucose solution to the turnover rate before its administration. That 
is, the diminution rate is the percentage of inhibition in the production 
of CSF by 50% glucose solution. 

Dividing these cases into two groups of those with and without intra- 
cranial pressure, the results of the representative cases are described as 
follows : 

1) Cases with increased intracranial pressure 

In Case No. | with a large ependymoma in the left cerebral hemisphere, 
the intracranial pressure was 450 mm. H,O. ‘The turnover before the in- 
jection of 50°, glucose solution was very large and the maximum was 3.1 in 
one hour and 20 minutes, so that the turnover rate amounted to 2.4. After 
the glucose loading the turnover of P-32 was inhibited and the diminution 
rate was 45% (Fig. 1). 

In Case No. 5 with glioblastoma multiforme in the frontal lobe, the 
CSF pressure showed 650mm. H,O. ‘The turnover of P-32 was even 
larger than in Case No. | and registered 2.7 in maximum 40 minutes after 
the injection, the turnover rate being 4.5. The effect of 50% glucose 
solution was so remarkable that the turnover of P-32 was markedly in- 
hibited, i.e. the maximum dropped only to 1.4 in one and a quarter hour 
after the injection, the diminution rate came up to 80% (Fig. 1). 

In Case No. 27 with internal hydrocephalus due to obstruction of the 
aqueduct of Sylvius, the intracranial pressure was 500 mm.H,O. The 
turnover rate of P-32 was low—0.45 at the maximum in three hours after 
the injection. After ‘the glucose loading, the turnover rate was 0.35 in 
three hours after the injection with slight inhibition (Fig. 2). 

Thus, the cases with increased intracranial pressure may be divided 
into two groups of those with large and those with small turnover rates 
of P-32. The effect of 50°, glucose solution on the production of CSF 
was large in the former. 

2) Cases without increased intracranial pressure 

In Case No. 7 with schizophrenia, the intracranial pressure was 
within the normal range. The turnover rate was 0.24 before the glucose 
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loading and 0.17 after it, so that the diminution rate was 28°, (Fig. 2). 
In the cases including hypophyseal adenoma, headache, epilepsy and 
schizophrenia, the turnover rate was below 1.0 before the glucose loading 
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TABLE I 
a Turnover rate S 
Case Initials pa =. 
No and Diagnosis sa Before After ES 
ee sex ee 4q 50° glucose Be 
Oas injection as 
1 C.A Ependymoma of left cere- 150 24 1.3 45 
bral hemisphere 
3 H.H Epilepsy 170 0.75 0.60 13 
5 K._K. Glioblastoma multiforme of 650 4.5 0.9 80 
frontal lobe 
7 A.W. Schizophrenia 160 0.24 0.17 28 
8 S.T. Schizophrenia 150 0.19 0.14 26 
10 E.S. Headache 130 0.91 0.8 12 
1] G.G, Epilepsy 120 0.44 0.33 25 
12 T.H. Hydrocephalus communic- 180 0.53 0.4 24 
ans 
13 G.S. Headache 110 0.8 0.7 12 
14 K.K. Headache 160 0.9 0.7 22 
18 S.S. Hypophyseal adenoma 150 0.62 0.47 24 
7 TY. | — of aqueduct of 500 0.15 0.13 13 
Sylvius 
28 M.I. Glioma of pons 550 0.36 0.33 8 


and the diminution rate was below 30°%. 

On the other hand, when the diminution curves of P-32 in blood 
between after and before the loading of 50°, glucose solution were com- 
pared, the decrease of P-32 after the loading was more rapid than before 
it, and P-32 always showed low value after the loading. The same tendency 
was observed in all cases. 


DISCUSSION 


The factors influencing the production of CSF are considered to be as 
follows®): capillary pressure, osmotic pressure, Donnan’s membrane- 
equilibrium, etc.. Suppose the blood pressure is constant in all cases, the 
destruction of blood-C/SF barrier*)®)® will bring about the destruction 
of Donnan’s membrane-equilibrium and a consequent alteration of its 
permeability. Since a glioma situated in the subcortex in the brain and 
invading the ventricular wall, as in Cases No. 1 and 5, causes destruction 
of the membrane-equilibrium and a marked alteration in its permeability, 
a massive production of CSF will take place in the face of the increased 
intracranial pressure, which intrinsically acts as an inhibiting factor agains 
the production of CSF.”’ In consequence, it was thought that the pro- 
duction curve as shown in Fig. 1 was obtained. In these cases with marked 
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destruction of the blood-CSF barrier, the production of CSF was markedly 
inhibited by the injection of 50%, glucose solution as shown in Fig. 1, for its 
osmotic pressure is large. 

On the other hand, when the aqueduct of Sylvius is obstructed, as in 
Cases No. 27 and No. 28, there seems to be no marked change, and little 
destruction of the blood-CSF barrier unlike in Cases No. 1 and No. 5, so 
that in these cases the intracranial pressure seems to result from the reten- 
tion of CSF. In consequence, it is thought that the production of CSF 
will be rather low and the effect of 50° glucose solution is smaller than in 
Cases No. 1 and No. 5 as shown in Fig. 2. 

In cases such as Case No. 7 with neither increased intracranial pressure 
nor organic damage of the brain, the effect of the injection of 50° glucose 
solution will be weak, though more or less individual difference are noticed. 
This will be understood by the above-mentioned explanation. 

In general the following conclusion was reached. When the effect 
of injection of 50° glucose solution which lowers the intracranial pressure 
is compared in the cases of various brain diseases, it is large in the cases 
of diffuse glioma accompanying advanced brain edema, weak in the cases 
without brain edema in which the intracranial pressure results from the 
retention of CSF, and very weak in the cases without increased intracranial 
pressure and organic damage of the brain. ‘These results were in accord- 
ance with Suzuki’s report*) regarding CSF pressure and Takahashi’s report? 
regarding water content of the brain. 

The present author has given details about only a few representative 
cases, but the other cases also showed results that may be explained by the 
degree of the destruction. of the blood-CSF barrier and the intracranial 
pressure. 

Moreover, as Levenson!” reported, injection of 50° 


» glucose solution 


lowered the P-32 concentration in the concentration curve before injection. 
Whether this results from the P-32 dilution by dehydration of tissue or 
the accerelation of its extravascular emigration by glucose, seems to be a 
problem to be investigated in the future. 


SUMMARY 


Upon studying the relation between the production of CSF and the 
intracranial pressure in patients with various surgical brain diseases and 
the effect of intravenous injection of 50°, glucose solution on the produc- 
tion, by following up the turnover of P-32 from blood to CSF, it was con- 
firmed that CSF production was of course inactive in the cases without 
increased intracranial pressure, but in the cases with increased intracranial 
pressure too, the production was not always correlated with the rise of the 
intracranial pressure. The production was particularly active in the high- 
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pressure cases with advanced destruction of the blood-CSF barrier, as in 
the malignant glioma cases, but relatively inactive in the cases with equally 
high intracranial pressure due to obstruction of the aqueduct of Sylvius 
but apparently mild destruction of the blood-CSF barrier. Upon injec- 
tion of 50% glucose solution, the production of CSF was inhibited to some 
extent in all cases, the inhibition being particularly notable in the cases 
with drastic destruction of the blood-CSF barrier. 
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In 1879, Gage noticed a histologically peculiar sphincteral apparatus 
in the choledochoduodenal junction of a cat, and, in 1886-87, Oddi 
having inquired into the choledochoduodenal junctions of man and several 
kinds of animals, insisted on the existence there of a special muscular ap- 
paratus of the same sort. Since then, the function of the choledocho- 
duodenal junction as related to the mechanism of bile flow has drawn 
attention, and anatomical and physiological experiments have been carried 
out, with their full results duly published. But those results have not always 
coincided with one another, owing to dissimilarity of the subject animals 
used and of the experimental methods employed, leaving much still to be 
clarified in relation to the bile flow mechanism. On the other hand, while 
inquiries into the action current in intestinal smooth muscles have been 
rapidly developed in a wide range by the advancement of physiological 
studies on the movement of the alimentary canals, reports relating to the 
action current in the choledochoduodenal junction of living animals have 
been unavailable so far. ‘The writer therefore contrived a special electrode, 
and, by using it, conducted and recorded the action current in the choledo- 
choduodenal junction of a rabbit. Here are the results obtained, which 
will throw some light upon the physiological function of this portion. 


EXPERIMENTAL 
Method 


Apparatus. A two-channeled universal recorder of the Sanei Co. and 
an ink-writer oscillograph were used. The chamber shown in Fig. | was 
used in order to keep the conditions surrounding the rabbit as constant as 
possible. The chamber was constructed of a wooden frame covered with 
vinyl plastic. The internal temperature was kept at 36-38°C. and the 
relative humidity at 70-100%. 

Electrodes. The electrode used had two bipolar Ag-AgCl needles 
73 
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Fig. 1. Experimental apparatus. A: Amplifier. B: Ink-writer oscil- 
lograph. D, 2: Electrodes. E: Indifferent electrode. E, 2: Action currents. 
L: Heating lamp. R: Rabbit. T: Wet and dry bulb hygrometer. t: Time 


indication. w: Electric heater. Y: Heat insulator. 


which were 0.3 mm. in diameter. These needles were silver wires covered 
with Kashew, an insulating paint, and buried with a interpolar distance 
of 1 mm., ina 3 42.5 mm. piece of gutterpercha. One end of each wire 
protruded obliquely at an internal angle of 45° so that the unburied part 
of the wires were 1.0-0.5 mm. long. The sections were plated with Ag- 
AgCl and the buried ends connected with vinyl covered leading lines. 
Fig. 2 shows the exact circumstances. 


m 








Fig. 2. Electrodes and their attachment. A: Amplifier. D, : Electrode 
attached to choledochoduodenal junction. D,: Electrode attached to duo- 
denum. E: Indifferent electrode. I: Duodenum. N: Electrode (Dia- 
meter: 0.3mm.). S: Stomach. 1, 2, 3: Section, Side, Plane. 


Subject anmals. Full-grown healthy rabbits weighing 2.3-3.0 kg. were 
used. 
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Experimental technique. The rabbit was fed 20 minutes before opera- 
tion and anesthetized with a subcutaneous injection of urethan at the rate 
of 0.3 g. per kg. Then it was fixed on a operating table and placed in the 
chamber for operation. When the abdomen was opened by a right costal 
margin incision, the choledochoduodenal junction was easily recognized 
as a whitish swelling plainly visible beneath the duodenal serous membrane 
at a point about 1.5cm. from the pylorus on the anal side. A bipolar 
electrode was easily attached to the choledochoduodenal junction on the 
serosal side of the duodenum at a right angle to the common duct. For 
reference, another bipolar electrode was attached to the duodenal wall at 
the side opposite to, and on the same level with the papilla and parallel to 
the intestinal axis. 


Results 


a) Action currents in the duodenum and in the choledochoduodenal 
junction of a normal rabbit: In this experiment thirty one rabbits were 
used, of which eleven and twenty for the duodenal wall and choledo- 
choduodenal junction were available for this investigations respectively. 
The action currents recorded from the first portion of the duodenum 
contained equally, as is seen in Fig. 3 and Table I, groups of 3-8 spikes which 
occurred rather regularly at the average interval of 2.2 sec. The greatest 

fsec 
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Fig. 3. Action current from the duo denum of a normal rabbit. Three 


to eight spikes form one group, each group appearing rather regularly. 


amplitude of grouped spikes averaged 0.9 mV, and their duration 0.5 sec. 
The action current from the choledochoduodenal junction gave a pattern 
different in interval and in type of spikes from that given by the action 
current from the duodenum, which was on the same level with the choledo- 
choduodenal junction. Each group contains two to seven spikes. ‘Two to 
four groups occurred at a short interval and such series of groups recurred at 
a greater interval which averaged 5.2 sec. (See Fig. 4 and Table 1). The 
greatest amplitude of grouped spikes averaged 1.0 mV and average duration 
of these spike groups is 0.5 sec. This was the same as in the case of the duo- 
denum. The two spike groups differed in rhythm and type (See Fig. 4, B). 

b) Effects of drugs administered upon choledochoduodenal junction : 
Thirty rabbits were used in this experiment. When pilocarpine (0.05 
mg/kg) and acetylcholine (1.8 mg/kg) were respectively injected intra- 
venously, the number and amplitude of grouped skipes increased, and the 
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Fig. 4. Action current from the choledochoduodenal junction of a normal 
rabbit. A: Two to seven spikes form one group, 2-4 groups appear at short 
intervals and those groups appear again after a long interval. B: The action 
currents of the choledochoduodenal junction (upper row) and the first portion of 
duodenum (lower row) were recorded simultaneously. The electrocardio- 
grams (E.C.G.) supperimposed on both records were seen, but the E.M.G. and 
E.C.G. are easily distinguishable ; the presence of the E.C.G. does not confuse 
the interpretation of the E.M.G. record. 


TABLE I 
Qualities of Action Currents from the Choledochoduodenal 
Junction and Duodenum of Normal Rabbit 





Average of the 





Average erennent anal Average Average interval 
Number | number of pa den Re om wot duration of between spike 
of cases grouped . jo! ‘F spike groups groups 
spikes cv) (sec.) (sec.) 
Choledochoduo- ; ee ‘ 
denal junction 20 +.8 1.0 0.5 5.2 
Duodenum 11 5.0 0.9 0.5 2.2 
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Fig. 5. Action current from the choledochoduodenal junction when pilo- 
carpine was injected intravenously. A: Before injection. B, C: After injec- 
tion of pilocarpine. Arrows show the injection period, black one marking the 
beginning and white one marking the end (these arrows are applicable to all 
figures), the number and amplitude of grouped spikes increased remarkably, 


and the intrevais between snike groups decreased. 
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Fig. 6. Action current from the choledochoduodenal junction and the 
duodenum, when acetylcholine was injected intravenously. After injection of 
acetylcholine the number and amplitude of grouped spikes increased, and the 
interval of spike groups shortened. A : Choledochoduodenal junction, B : Duo- 


denum. 


interval between spike groups was shortened markedly (See Fig. 5, 6 and 
Table II). The interval returned to the normal state about 15 minutes 
after the pilocarpine injection and about 20 minutes after the acetylcholine 
injection, but in each case the increased number and amplitude of grouped 
spikes continued for about 32 minutes. ‘These same effects were observed 
with the duodenal wall. After intravenous injection of atropine (0.2 
mg/kg), there was some decrease observed in the number of grouped spikes, 
but there was no noticeable change in the interval which returned to the 
normal state within two to three minutes (See Fig. 7and Table II). When 
morphine hydrochloride (0.4 mg/kg) was used, the number and amplitude 
of grouped spikes registered at the choledochoduodenal junction gradually 


Jsec 


Fig. 7. Action current from the choledochoduodenal junction, when 
atropine was injected intravenously. It is seen that, after injection, the number 


and amplitude of grouped spikes decreased. 


TABLES i 


Qualities of Action Currents from the Choledochoduodenal 
Junction when Various Drugs were Administered 





Intravenously 
o-, Average of the oe sec Se ee 
wiser | SESE | arene acest | Areinee dere | Ascengs eer 

Injected drugs z xe tude of grouped “Fr ; : 

. of cases ofgrouped bon groups groups 
spikes mV) (sec.) (sec.) 

Pilocarpine . 8.8 0.8 0.8 2.2 
Acetylcholine 3 ~ s 232 0.6 1.5 
Atropine 3 2.9 0.9 0.4 5.0 
Adrenaline 3 4.6 0.6 0.5 5.5 
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increased within one or two minutes after injection and the interval between 
spike groups shortened (See Fig. 8 and Table III). The interval returned 
to the normal state after 45 minutes but the number and amplitude didjnot 
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Fig. 8. Action current from the choledochoduodenal junction and the 
duodenum, when morphine hydrochloride was injected intravenously. A: 
It is seen that, | minute after injection of morphine hydrochloride, the num- 
bers and amplitudes of grouped spikes from the choledochoduodenal junction 
(a) and the duodenum (b) increased. B: It is seen that, 5 minutes after in- 
jection of morphine hydrochloride, the action current of the choledochoduodenal 
junction (a) was accelerated. C: It is seen that, 20 minutes after injection, the 
number and amplitude of grouped spikes of the action current from the duo- 
denum decreased. 
TasBLe III 
Action Currents from the Choledochoduodenal Junction and 
Duodenum when Morphine Hydrochloride was Injected 
Average of the : 
, Average iio eee Average dura- Average interval 
; ' ; , greatest ampli- : ie ” 
Lapse of time Number numberof 1°46 of grouped tion of spike between spike 
after injection of cases grouped aes F groups groups 
spikes (mV) (sec.) (sec.) 
1 minute 4 4.0 0.5 0.5 4.0 
5 minutes 24 5.7 0.7 0.7 3.1 
20 minutes 2 5.6 0.7 0.8 4.0 


revert to the normal. At the duodenal wall, there was an increase in the 
number and amplitude after the injection which, however, decreased under 
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the normal state during about ten minutes. With an adrenaline injection 
(0.2 mg/kg), the number and amplitude of grouped spikes decreased, and 
the intervals between spike groups lengthened ; all of them, however, were 
restored to the normal state in a short time (See Fig. 9 and Table II). 
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Fig. 9. Action cnrrent from the choledochoduodenal junction, when ad- 
renaline was injected intravenously. It is seen that, after injection of adrenaline, 


the number and amplitude decreased. 


When twodrops of amylnitrite were placed on a mask covering the muzzle 
and inhaled by the subject for 45-60 sec. the number and amplitude of 
grouped spikes markedly decreased or disappeared entirely, with the 
interval between spike groups, if any, lengthening markedly ; but after the 
mask was removed the spike groups began to appear again, the average 
time of appearance being 22 sec. (See Fig. 10 and Table IV). 
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Fig. 10. Action current from the choledochoduodenal junction, when 
amylnitrite was inhaled. It is seen that, after inhalation of two drops of amyl- 
nitrite, (arrows show inhalation period, the former marking the beginning and 
the latter marking the end), the number and amplitude of grouped spikes 


decreased. 
TABLE IV 


Qualities of Action Currents from the Choledochoduodenal 
Junction when Amylnitrite was Inhaled 





Average of the ‘ ane ; 
Average interval Time between suspension 


A 7 Average ber eatest a % , = 2 
Number o! Average nummer | greatest ampli between spike of inhalation and re- 
‘ of grouped tude of grouped : x jacana aegtisae” 
cases ie a! wi groups appearance of spikes 
spikes spikes ring Fc 
(mV) sec. sec.) 
4 > a | 0.3 0.3 22.0 


In order to know the influence of N/10 dilute hydrochloric acid and 
25°, magnesium sulfate infused into the duodenum, the bipolar electrode 
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was attached to the choledochoduodenal junction and a tiny incision was 
made in the duodenal wall at a point 6-7 cm. from the pylorus on the ana] 
side. Through this opening, a No. 2 Nelaton’s catheter was inserted 5 cm. 
deep into the proximal side of the duodenum ; after the catheter was fixed 


against the duodenal wall, the incision was colsed. When 10-15 cc. of 


hydrochloric acid at 37°C. was slowly poured through the catheter the 
number and amplitude of grouped spikes increased and the interval between 
spike groups shortened (See Fig. 11 and Table V). The normal state 
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Fig. 11. Action current from the choledochoduodenal junction, when 
N/10 dilute hydrochloric acid was infused into duodenum. It is seen that, after 
infusion of 10-15 cc. of N/10 dilute hydrochloric acid, arrows show infusion 
period, the number and amplitude of grouped spikes increased, and the intervals 


between spike groups markedly decreased. 


returned in 10 minutes. In some cases the number and amplitude of 


grouped spikes registered at the duodenal wall muscle also increased, but 
there were no marked changes observed in the interval between spike groups 
and the normal state returned sooner than it had at the choledochoduodenal 
junction. In other cases when the normal state had not returned even 
6-7 minutes after the infusion of N/10 dilute hydrochloric acid, 10-15 cc. 
of 25%, magnesium sulfate at 37°C. was poured slowly through the catheter. 
This decreased the number and amplitude of grouped spikes and lengthened 
the interval between spike groups ; the normal state returned in 4 minutes 
(See Fig. 12 and Table V). 
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Fig. 12. Actiort current from the choledochoduodenal junction, when 
25°, magnesium sulfate was infused into duodenum. When infusion into the 
duodenum of 10-15 cc. of 25°/, magnesium sulfate followed that of N/10 dilute 
hydrochloric acid, the number and amplitude of grouped spikes decreased, the 
intervals between spike groups being lengthened. 


The same result was observed with the duodenal wall muscle. 


DiIscussION 


The advancement of electro-physiological studies induced a number 
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TABLE V 
Qualities of Action Currents from the Choledochoduodenal 
Junction when Hydrochloric Acid and Magnesium Sulfate 
Solution were Infused into Duodenum 





Average Average of the Average Dieeiaiins Seieine 
Number , number of 8reatest ampli- duration val Seeween 
Infused drugs of cama meni tude of grouped of spike aie 
wi 8 Te spikes groups ars — 
spikes (mV) (sec.) (sec.) 
N/10 Hydrochloric 5 5.9 11 0.6 3.5 


acid 


25% Magnesium 


fulfate 5.6 0.7 0.6 5.1 


uw 


of investigators to study on the action currents of the smooth-muscular 
organs, as they were or extracted, of various kinds of living animals. Among 
those investigators were Alvarez and Mahoney” (1921), Okuda and Maye- 
da®) (1926), Puestow®) (1931), Berkson’) (1933) and Fletcher® (1937-38), 
all of whom conducted the intestinal action current and recorded its poten- 
tial variation curve which corresponded with the particular movements 
of the intestinal canal. In 1939, Bozler,*) and then Nihu’ and Takita,” 
respectively studied the action current involved in the contractions of the 
urinary tract and the intestinal canals, and recorded two types of electric 
curves, the slow and the spike potential. In the case of the action current in 
the contracting intestinal canal of rabbits, there was observed for each 
contraction a spike corresponding with its rhythm but just a little preceding 
it, and it was proved that the amplitude and the number of grouped spikes 
varied according to the variations of the intestinal contraction. Since it 
has been customary to open the abdomen for conducting the intestinal 
action current of a living animal from its serosal side, it was inevitable 
that the intestinal canal would be exposed to the air through the laparotomy 
and that the fall of the bodily temperature and moisture would often lead 
to a slowdown or cessation of the intestinal movement. With the present 
experimental technique, in which the abdomen was opened and an electrode 
fixed both to the choledochoduodenal junction and to the duodenal wall as 
mentioned above, it was impossible to directly observe the intestinal canal 
after the closure of the abdomen; but the action current could be con- 
ducted in physiological circumstances much more nearly normal avoiding 
unfavorable conditions as much as possible. In the experiment, two 
bipolar Ag-AgCl electrodes 0.3 mm. in diameter with a interpolar distance of 
1 mm. were used. The interpolar resistance was measured to be below 70 
kQ and the basic line was found to be almost stable showing little fluctua- 
tion. A failure to successfully fix the bipolar electrodes upon the muscular 
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layer would have been easily detected since the interpolar resistance would 
have increased and the basic line would have been fluctuating and un- 
stable. 

In the present experiment with the action current of the duodenal 
muscle, the interval between spike groups registered by duodenal contrac- 
tions averaged 2.2 sec., proving to be regular and nearly constant through- 
out the experiment. According to Alvarez,‘) who in 1922 recorded the 
action current of the common duct of a dog by using a thin Zn-ZnSO; 
electrode ; the contraction is affected by the movements of the stomach 
and the duodenum, but shows an electric curve different from that of the 
duodenum. His investigation, however, left a number of points still to be 
clarified. The action currents of the choledochoduodenal junction and 
the duodenum recorded by the present technique were not appreciably 
different in the number and amplitude of grouped spikes, while the inter- 
vals between spike groups gave two different regular spike patterns in spite 
of their similar periods of durations (See Fig. 4). The present electro- 
myogram suggests that the action currents concurrent with the movements 
of the choledochoduodenal junction and the duodenum have a regular 
movement peculiar to each. 

The effects of various drugs upon the choledochoduodenal junction 
have hitherto been examined through mechanically recorded curves repre- 
senting variations of the inner pressures of the common duct and the 
duodenum. But the present experiment revealed that the action current 
of the choledochoduodenal junction was accelerated by the intravenous 
injection of such drugs as acetylcholine, pilocarpine, morphine hydro- 
chloride, etc. ‘The increased degree of acceleration was especially marked 
when acetylcholine and pilocarpine had been injected. It was 2-3 minutes 
after the morphine hydrochloride injection began to accelerate the action 
current of the duodenal wall that the number and amplitude of grouped 
spikes tended to decrease. ‘The injection of atropine effected no marked 
changes. Inhalation of amylnitrite, which anesthetizes smooth muscles 
and restrained the action currents and caused the number and amplitude 
of grouped spikes to decrease markedly. The infusion of N/10 hydro- 
chloric acid into the'duodenum tended to accelerate the action current 
of the choledochoduodenal junction and the duodenal wall, while that of 
25° magnesium sulfate tended to restrain it. In a word, the administra- 
tion of parasympathomimetic drugs increased the number and amplitude 
and abnormally shortened the intervals between spike groups of the action 
current from the choledochoduodenal junction, giving a similar spike pat- 
tern to that recorded by the duodenal wall ; while sympathomimetic drugs 
decreased the number and amplitude and lengthened the interval between 
spike groups into an irregular pattern. ‘The same tendency was effected in 








the 
cat 


pre 
clo 


ser’ 
bil 
cor 
jun 
wa 


che 


tio’ 
we 
we 


jur 
ant 


ob: 


ad: 


ace 


mc 
the 


ch; 
hy: 


du 
ch 
pa 
of 
th: 


rel 











Electromyography of Choledochoduodenal Junction and Duodenum 83 


the duodenal wall, except when morphine hydrochloride was injected, 
causing the number and amplitude of grouped spikes to gradually decrease, 
producing a spike pattern different from that observed in the case of the 
cloledochoduodenal junction. 

In conclusion, the present technique did not allow simultaneous ob- 
servation of the spike pattern of the choledochoduodenal junction and the 
bile flow, but it was revealed that the action current concurrent with the 
contractions of the muscular apparatus surrounding the choledochoduodenal 


junction produced a spike pattern different from that given by the duodenal 


wall. This fact also suggests that the muscular apparatus of the choledo- 
choduodenal junction has a special function related to the bile flow. 


SUMMARY 


1. The action currents of a normal rabbit’s choledochoduodenal junc- 
tion and the duodenal wall at the same level both in their digestive process, 
were recorded by using two bipolar Ag-AgCl needle electrodes which 
were 0.3 mm. in diameter and set with a interpolar distance of 1 mm. 

2. In the experiment, the action currents of the choledochoduodenal 


junction and the duodenal wall showed no marked difference in number 


and amplitude of grouped spikes, while there was an obvious difference 
observed in the intervals between spike groups. 

3. According to the electromyographic variations caused by the 
administration of sympathomimetic and parasympathomimetic drugs, 
acetylcholine, pilocarpine and morphine hydrochloride were effective in 
bringing on acceleration of the action current of which acetylcholine the 
most powerful ; while amylnitrite and adrenaline worked for restraining 
the action current, and of the two, amylnitrite inhalation produced the 
more marked effect. Injection of atropine did not cause any noticeable 
change. In the experiment of infusing drugs into the duodenum, N/10 
hydrochloric acid acted as an accelerator and 25°%, magnesium sulfate as 
a restraint ; the same reactions were observed in the action current of the 
duodenum. [Injection of morphine hydrochloride caused the choledo- 
choduodenal junction and the duodenum to give forth two different spike 
patterns. 

4. Altogether, the action current in the choledochoduodenal junction 
of a rabbit in its digestive process brings on a spike pattern different from 
that of the duodenum. This fact supplies us with an interesting suggestion 
relating to the bile flow mechanism. 
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Avec les progrés de la technique d’anesthésie, il est devenu possible 
de faire les interventions durées plus longtemps et plus graves; donc il 
faut considérer le stress pendant l’opération et la maladie post-opératoire, 
car la gravité du stress influence 4 recouvrement des opérés. Nous avons 
l’intérét 4 quelques rapports!?}*), que l’anesthésie mitige le stress provoqué 
par l’intervention. En visant a etudier la relation entre la fonction surrénale 
et le stress provoqué par l’anesthésie et intervention, nous avons choisi 
des opérés par anesthésie générale par l’appareil en circuit fermé, anesthésie 
potentialisée et hypothermic, et des variations des leucocytes éosinophiles 
circulants ont été observées au cours de la maladie post-opératoire jusqu’au 
9° jour environ. 


‘TECHNIQUE 


I — Nous avons choisi pour ce travail 32 patients dont l’anamnése ne 
permettait pas des lésions surrénales. Ils appartenaient aux deux sexes, et 
leur age variait entre 18 et 74 ans. Nature d’intervention ect le mode 
d’anesthésie sont montrés au Tableau I. 

II — La numeration des éosinophiles circulants: En utilisant la te- 
chnique de Hinklemann**), nous avons compté des éosinophiles par la 
cellule a fond divisé de Fuchs-Rosenthal qui a moins d’erreur que le frot- 
tis), Prélévement de sang circulant des malades a été pratiqué de la fagon 
suivante ; le premier avant la prémédication, et les autres tous les jours 
jusqu’au 9° jour post-opératorire. Toutes ces numérations ont été pra- 
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Taspizavu I 





No Sexe Age(ans) 


Sujet 
1 M 
2M 
3 M 
4M 
> FF 
6 M 
(i 
8 M 
9 M 
10 M 
ll F 
Z F 
13 M 
14 F 
is F 
16 M 
17 M 
18 F 
19 M 
20 F 
a. 6 
22 M 
23 M 
24 F 
25 M 
26 M 
27 M 
28 F 
29 F 
30 M 
31 F 
32 M 


A: Anesthésie générale par l’appareil en circuit fermé. 


62 
60 
64 
67 
32 
40 
43 
61 
73 
74 
42 


18 


Nature de l’intervention 


Arthrodese 

Laminectomie 

Gastrectomie subtotale 
Gastrectomie totale 
Hypophysectomie 

Thoracotomie 

Arthroplastie coxale 
Urétroplastie 

Oesophagectomie 

Gastrectomie totale 
Gastrectomie totale 
Appendectomie 

Laminectomie 

Exérése de la tumeur retropéritonéale 
Gastrectomie totale 

Curettage de la vertébre dorsale 
Cholédochoplastie 

Gastrectomie totale 

Exérése de la tumeur prostatique 
Cholécystectomie 

Entérectomie 

Gastrectomie totale 

Exérése de la tumeur cérébrale 
Gastrectomie totale 
Gastrectomie subtotale 
Herniotomie inguinale 
Arthroplastie coxale 
Décollement de l’intestin 
Oesophago-gastrostomie 
Transplantation intrathoracique de jéjuuum 
Transplantation intrathoracique 
de célon transverse 


Exérése de la tumeur cérébrale 


Mode d’anesthésie 


> 


TIM h hoe e > D 


H 


Ap: Anesthésie 


potentialisée (dérivés de phénothiazine ont été utilisés comme la prémédica- 


tion). 


tiquées dans les mémes conditions. Nous avons comparé la chiffre des 
éosinophiles, aprés la prémédication et pendant la maladie post-opératoire, 
avec le pourcentage attribué la chiffre des éosinophiles avant la pré- 
médication de 100 p. 100. L’ascension et la diminution des éosinophiles 
ont été toutes décidées par la statistique en 5% de taux dangereux [v 2 


Am: Anesthésie médullaire. H: Hypothermie. 


(Vx,;—V'x,)>ta, t2=1.96-" 2=0.05]”. 
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Fig. 1. Variations des éosinophiles aprés la prémédication. 


Groupe (1) traité par dérivés de phénothiazine 


A ascension—], @ diminution—1 
Group (II) traité par péthidine + atropine 
A ascension—2, @ diminution—6 
Résultats 


I — Variations des éosinophiles aprés la prémédication 

La chiffre des éosinophiles n’a guére été influée par la prémédication 
dans la plupart de nos sujets, mais nous avons apergu un cas de l’ascension 
et un de la diminution au groupe (I) traité par dérivés de phénothiazine, 
au groupe (II) traité par péthidine + atropine, 2 cas de l’ascension et 6 
de la diminution. 

II — Variations dans le temps de la maladie post-opératotre 

1° Le taux des éosinophiles montrait la diminution soudaine au 1* 
jour post-opératoire et remontait progressivement a partir de 2° ou 3° jour. 
Parmi 6° et 9° jour post-opératoire, la chiffre des éosinophiles se stabilisait 
dans une certaine limite, qui n’est pas équivalente avant la prémédication. 

2° L’age et le sexe ri’ont pas semblé influencer cette chute. 
3° Variations en fonction de la gravité opératoire et du mode de 
l’anesthésie 

A. Anesthésie générale par l’appareil en circuit fermé : Nous avons clas- 
sifié nos opérés un peu schématiquement dans les deux catégories 
suivantes: opérations “ mineures”’ (urétroplastie, appendectomie, 
cholécystectomie et herniotomie inguinale) et opérations ‘“‘ moyennes 
et majeures ” (les autres opérés exceptés les opérations “‘ mineures ’’). 

(1) Le taux des éosinophiles a tombé 4 50% ~28% au 1* jour post- 
opératoire pour des interventions mineures, mais la chute maxima n’est 
atteinte qu’au bout de 24 heures. Vers le 2° jour, la chiffre des éosinophiles 
augmentait et la courbe des variations des éosinophiles a commencé a 
étre plate au 3° (N°12 et N°20) ou au 4° (N°8 et N°26) jour post-opéra- 
toire. 

(2) Au 1* jour post-opératoire, la chute des éosinophiles pour des 
interventions moyennes et majeures était plus forte (8°%,~0%) que des 
intervention mineures. Dans le plupart de nos opérés, la chiffre des éosino- 
philes n’a, parait-il, pas varié en statistique au 2° jour par comparaison 
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Fig. 2. Variations des éosinophiles dans la maladie post-opératoire pour 


des interventions mineures. 
N°12, 20 et 26—Anesthésie générale par l'appareil en circuit fermé. 


N°8—Anesthésie médullaire. 


au 1* jour post-opératoire. Dans un seul cas (N°27), nous avons observé 
plus descente des éosinophiles au 2° jour que cela du 1* jour post-opéra- 
toire (de 8%, 40%), et un cas (N°4) restait 4 0%, au 1** et au 2° jour. Aprés 
le 3° jour, la chiffre des éosinophiles augmentait graduellement dans nos 
opérés, qui n’ont pas eu de complications post-opératoires, et la courbe des 
variations est devenue plate parmi le 6°~le 9° jour post-opératoire. La 
courbe devient plate plus tard que les cas pour des interventions mineures. 
Nous avons trouvé l’ascension transitoire des éosinophiles (backswing over- 
shoot’) au 5° jour (N°! et N°3), au 6° (N°4) et au 7* (N°15 et N°25) jour 
post-opératoire. Elle n’a que continué pendant un jour. 

(3) Pendant lVintervention, nous avons utilisé éther, protoxyde 
d’azote, cyclopropane et barbituriques avec relaxants musculaires pour 
Panesthésique générale. Il nous semble qu’il n’y ait pas de différence 
signifiante des variations des éosinophiles post-opératoire parmi les anes- 
thésiques. 

B. Anesthésie potentialisée: anesthésie générale par Vappareil en 
circuit fermé, en‘ utilisant des dérivés de phénothiazine comme la 
prémédication et éther, protoxyde d’azote, cyclopropane et barbi- 
turiques avec relaxants musculaires comme l’anesthésique générale 


pendant lintervention 
Variations des cosinophiles par anesthésie potentialisée nous ex- 
pliquaient le méme progrés que celles de lanesthésie générale par l’ap- 
pareil en circuit fermé en utilisant péthidine +- atropine comme la prémédi- 
cation. La chute des éosinophiles est allée 4 5.5°,,~0% au 1* jour post- 
op€ratoire. Entre le 5° et le 9° jour post-opératoire, la courbe des variations 
est devenue plate. Un seul cas (N°21) a montré l’ascension transitoire 
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Fig. 3. Anesthésie générale par l’appareil en circuit fermé. Variations des 
éosinophiles dans la maladie post-opératoire pour des interventions moyennes et 


majeures. 


(backswing overshoot) au 7* jour post-opératoire. 
C. Hypotermie 

(1) Nous avons constaté que, pour les interventions (N°28 et N°29), 
la chute €osinophilique reste a 28% et a 20°%, tandis que pour les interven- 
tions plus graves (N°30, N°31 et N°32), la chute est plus forte pouvant at- 
teindre 1.4%, 2.2% et 1°% au 1* jour post-opératoire. Mais tous les opérés 
par hypothermie, la courbe des variations des éosinophiles est devenue 
plate jusqu’au 7° jour post-opératoire, et nous n’avons pas constaté de 
certaine variation parmi N°28, N°29, N°30, N°31 et N°32. 

(2) En conséquence de comparer N°29 a N°4 et a N°25, celles-ci 
ont eu la méme agression opératoire par anesthésie générale en circuit 
fermé, nous avons trouvé les suivantes: La chute des éosinophiles de N°4 
et de N°25 est plus grave que N°29, et la courbe de variation des éosino- 
philes est devenue plate au 7° jour, contre au 8° jour (N°4) et au 9° jour 
post-opératoire (N°25). 

JI] — Aux deux cas morts au 1|* jour post-opératoire, nous avons 
constaté la chute des éosinophiles 4 0.7°%%, (N°18) et 0% (N°23). En un 
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Fig. 4. Anesthésie potentialisée par l'appareil en circuit fermé (en utilisant 
dérivés de phénothiazine comme la prémédication). Variations des éosinophiles 


dans la maladie post-opératoire pour des interventions de moyenne gravité. 


cas mort au 4° jour (N°24), la chute des éosinophiles a resté a 0% au 1°, 
a 1.6% au 2° et 2 0% au 4° jour post-opératoire. Mais il n’y a pas de signi- 
fiante différence parmi la chaque chiffre des éosinophiles de N°18, de 
N°23 et de N°24. 


COMMENTAIRE DES RESULTATS ET CONCLUSION 


Plusicurs rapports ont déja fait au sujet du mécanisme de diminuer 
des ¢osinophiles*:*!"™, et a la relation avec la fonction du systeme hypo- 
24) done on peut connaitre lintensité du 


physo-surrénale!® 13.14.15, 16,17, 22,23 
stress par la diminution des éosinophiles!® !*?"?4:29, La chute des éosino- 
philes au cours de la maladie post-opératoire est plus forte et reste plus 
longtemps, quand lagression opératoire est plus grave!:?>:?6-?7.28) 5 4 nos 
opérés pour des interventions plus graves, la chute des éosinophiles trés 
forte et reste pendant un ou deux jours, depuis le 3° ou le 4° jour post- 
opératoire, la chiffre des ¢osinophiles remontre en étant approximative- 
ment paralléle au recouvrement de la maladie post-opératoire, vers le 
5°~le 7° jour, l’Cosinophilie transitoire légére est constatée a certains de 
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Fig. 5. Hypothermie. Variations des éosinophiles dans la maladie post- 


opératoire pour des interventions moyennes et majeures. 


nos opérés. Cette éosinophilie transitoire (backswing overshoot) est expliquée 
comme l’insuffisance surrénale?” temporaire ou le phénoméne physiologique 
de la réaction oscillante post-agressive, lequel est observé lorsque des 
hormones corticosurrénaliennes augmentent et puis diminuent?’, 

A nos opérés passés la maladie post-opératoire sans accidents, la courbe 
des variations des éosinophiles est devenue plate jusqu’au 6°~9° jour post- 
opératoire. Ce phénoméne nous semble que le stress provoqué par l’agres- 
sion opératoire se soit enlevé et les opérés aient libéré de la maladie post- 
opératoire depuis le 6°~le 9° jour post-opératoire. 

Au sujet des variations des éosinophiles par le mode d’anesthésie : 
Pendant la maladie post-opératoire, anesthésie potentialisée n’a pas été 
constaté la différence fondamentale en comparaison de l’anesthésie générale 
par l’appareil en circuit fermé. D’aprés ce résultat, nous supposons que des 
dérivés de phénothiazine utilisés comme la prémédication ne soient pas 
assez efficaces pour mitiger le stress 4 la maladie post-opératoire, malgré 
ils peuvent potentialiser et économiser l’anesthésique pendant linterven- 
tion. 

Des variations des éosinophiles par hypothermie sont un peu caractéris- 
tiques: La chute des éosinophiles est moindre que l’autre anesthésie au 
ler ~ 2¢ jour post-opératoire, l’ascension des éosinophiles est lente pendant 
le 3° et le 4¢ jour, la courbe des variations devient plate plus rapide environ 
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Fig. 6. N°29. par hypothermie ; N°4 et N25. par anesthésie générale par 
l’appareil en circuit fermé (courbe des variations des éosinophiles dans la maladie 


post-opératoire). 


un ou deux jours en comparaison de l’anesthésie générale en circuit fermé ; 
en conséquence de ces phénoménes, il nous semble que hypothermie soit 
effective pour la protection de la fonction surrénale et mitige le stress pen- 
dant l’intervention. 

A propos de protecter la glande surrénale contre le stress pendant 
intervention, nous recherchons la technique d’anesthésie, en mesurant 
adrénaline, nor-adrénaline, 17-hydroxycorticostérone dans le sang et 
granules biréfringents surrénales. 

REsUME 

Les auteurs ont recherché des variations des leucocytes éosinophiles 
circulants d’une série de 32 patients a surrénalaes intactes pour étudier la 
relation parmi l’anesthésic, lagression opératoire et le fonctionnement 
surrénal au cours de la maladie post-opératoire. 

Ils ont constaté les suivants : 

1° La chute des éosinophiles post-opératoire est influée par la te- 
chnique d’anesthésie et l’intensité opératoire. 

2° Il nous semble que les phénothiazines, utilisées comme la pré- 
médication, ne soient pas assez efficaces pour mitiger le stress provoqué 
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par lintervention. 

3° La chute des éosinophiles par hypothermie est moindre et remonte 
rapidement en comparaison des autres anesthésies. 

4° La chiffre des éosinophiles est proportionnelle au recouvrement 
de la maladie post-opératoire. 

5° Les auteurs considérent que la fonction de Ja glande surrénale soit 
ordinaire depuis le 6*~le 9° jour post-opératoire. 

Pour le moment, les auteurs sont en train de pratiquer les recherches 
histochimique et biochimique entre la fonction de la glande surrénale et 
le stress pendant l’anesthésie, l’intervention et la maladie post-opératoire. 
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Studies on Antiviral Antibiotics 
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XII. Further Studies on the Antiviral Antibiotic, Myxoviromycin 
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In a previous paper”), an isolation and general properties of new anti- 
biotic myxoviromycin was reported. Myxoviromycin was one of the 7 
antibiotics?’*® produced in the culture broth of a strain (No. E-212) 
belonging to Streptomyces albus, and was an unique agent possessing an 
inhibitory activity against influenza A virus both in vitro'’®’® and in 
vivo®’?’»), However, since myxoviromycin tested at that time was in 
somewhat crude form, studies on the improvement of purification procedure 
has been carried out and the biological and physicochemical natures of 
the final purified preparation have been also studied. 

This paper describes the results obtained from such studies. 


I. Purification procedure 


During the course of purification, the potency of myxoviromycin was 
assayed by the pulp disc method on agar plate seeded with B. subtilis 
(PCI 219). 

The crude myxoviromycin hydrochloride employed for further purifi- 
cation was prepared as follows: The fermented broth was obtained after 
incubation for 4 days at 27°C in 2001. fermenter jar filling with 1001. 
of a medium consisted of 1.5°%;, starch, 0.5°,, glycerol, 3.5°,, soy bean meal, 
0.5% dry yeast, 0.3%, NaCl, 0.35°%, CaCO,, 0.0005°%, MnCl,.4H,O, 
0.0005°,, CuSO,5H,O and 0.005°,, ZnSO,7H.O. 

The broth passed through a column of cation exchange resin “ IRC- 
50° (in sodium form) under current system with space velocity of 5. 
The active agent thus adsorbed was eluted by dilute HCl from the column 
after washing with distilled water. The potent fractions were combined 
and shaken with n-butanol to remove contaminating antibiotics such as 
toyacamycin, actinoflocin and others. 

The aqueous layer containing myxoviromycin was concentrated in 


95 





96 N. Kobayashi 


vacuo to dryness. The residue was dissolved with small amount of HCI- 
methanol, and when it was poured into acetone, the crude brownish hydro- 
chloride was precipitated. 

The crude precipitate described above still contained a small amount 
of inorganic salts and was positive in reactions of ninhydrin, biuret, Saka- 
guchi and Millon. 

When the antibacterial potency was assayed with this preparation, 
one mg of this preparation corresponded to 100-200 mcg of pure myxoviro- 
mycin hydrochloride. It was designated as the crude preparation I. 

Further purification procedure was shown in Fig. 1. The crude pre- 


Fig. 1. Purification Procedure of Myxoviromycin Hydrochloride 


Crude myxoviromycin hydroahloride: 100~200 mcg/mg* 
(designated crude preparation I) 
, Carbon chromatography by Carter’s method 
Myxoviromycin hydrochloride: 400~600 mcg/mg 
(designated crude preparation IT) 
, Addition of ammonium reineckate 
Amorphus myxoviromycin reineckate 
Recrystalization with water 
v 
Reineckate crystal 
Recrystalization with a mixture of water and 


, methanol (1:1) 
Reineckate crystal: 350 mcg/mg 


Pyridine hydrochloride 
Pure myxoviromycin hydrochloride: 1000 mcg/mg 


* Antibacterial potency was shown 


paration I was furthermore purified by passing through carbon chromato- 
graphy according to the description of Carter” and the obtained prepara- 
tion was designated as the crude preparation II. Adding a saturated 
ammonium reineckate solution to aqueous solution of this preparation I], 
precipitates of myxoviromycin reineckate appeared. The fractional re- 
crystallization of the reineckate was repeated with water and also with 
a mixture of water and methanol. ‘Thus the crystalline reineckate was 
obtained and it seemed to be pure because of its constancy in both potency 
and decomposition point. 

Furthermore, myxoviromycin hydrochloride was converted from the 
crystalline reineckate by using pyridine hydrochloride. 


In every purification step, the increase of potency, recovery and color 
reaction were tested and the result was as follows: 50 g (400-600 mcg/mg) 
of crude preparation II was obtained in recovery of 70-80%, from 190 g 
(100-250 mcg/mg) of the crude preparation I. It was negative in Millon 
test. At the next step, 31 g of pure myxoviromycin reineckate (350 mcg 
mg) was obtained in recovery of 40-50% from the preparation II. After 
decomposition of the reineckate, 10 g of pure myxoviromycin hydrochloride 
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(1000 mcg/mg: standard) was yielded in recovery of 70°,. 

The pure myxoviromycin hydrochloride was all negative in ninhydrin, 
biuret, Molisch, Millon, Fehling, FeCl,, Sakaguchi, maltol and Elson- 
Morgan’s tests, but a yellow color appeared in Pauli’s test as shown in 
Table I. 

TABLE I 


Color Reactions of Three Preparations Obtained in 
the Purification Course of Myxoviromycin 





Purified 


Crude Crude oer is 
preparation I preparation II edie 
Ninhydrin oo 4 
Biuret + + 
Molisch 
Millon : 
Fehling 
FeCl, 
Sakaguchi t+ 
Maltol n.d.* n.d. 
Elson-Morgan n.d. n.d. 
Pauli + + Yellow 
*n.d.: indicates *‘ not done” 


According to the result described above, the positive color reaction of both 
crude preparation I and II in ninhydrin, biuret, Sakaguchi, Millon and 
Pauli’s tests, was thought to be a contaminant, such as polypeptide. 


II. Physicochemical and biological properties 


Myxoviromycin hydrochloride was easily soluble in water at various 
pH. It was also soluble in methanol and ethanol, but insoluble in butanol, 
ethyl acetate, acetone, ethyl ether and benzene. 

It was decomposed at 183—185°C changing to brownish color. 

The optical rotation was [«];)+2.8 (1.06°, in water). 

The ultraviolet absorption spectrum of it gave no maximum except 
an end absorption. 

As shown in Fig. 2, the infrared absorption spectrum exhibited the 
characteristic absorption bands at 3.1, 3.3, 5.92, 6.06, 6.21, 6.46 « which 
suggested the existence of —_NH,,—NH—, —NHOH and aromatic nucleus 

CONH,, —CONH. 

In order to clarify some constituents of myxoviromycin, hydrolysis 
of its hydrochloride was carried out using 6N—HCI at 120°C for 10 hours. 
The obtained hydrolysate showed strongly positive reaction in ninhydrin 
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Fig. 2. Infrared absorption spectrum of Myxoviromycin hydrochloride as 
test, but negative in either Fehling or Tollen’s test. When the paper 
chromatographic studies was performed on the hydrolysate three positive 
spots were detectable with ninhydrin. ‘Two of them were identified as 
B-alanine and valine respectively from their Rf values, but the third one 
with strong yellow color was not corresponded to any known amino acids. 
The purified myxoviromycin hydrochloride inhibited the growth of 
B. subtilis (PCI 219) and S. lutea, but was almost not effective for other 
organisms in vitro as shown in Table II. 
TABLE II 
Antibacterial Spectrum of Myxoviromycin Hydrochlordie 
ane ae Minimal inhibitory* 
concentration (mcg/ml) 
M. pyogenes var. aureus (Terashima) > 200 
M. citreus > 1000 
M. pyogenes var. albus > 1000 ti 
B. subtilis (NRRL 558) > 1000 
B. subtilis (PCI 219) 62.5 
B. anthracis > 200 ( 
Sarcina lutea (Hata) 62.5 
” » (Hosoya) 250 
V 
B. agri > 200 
M. mallei > 200 F 
S. marcescens > 200 : 
E. coli > 200 . 
Sal. typhosa > 200 
Sal. paratyphi A > 200 I 
Sal. schottmiilleri > 200 \ 
Sal. enteritidis > 200 
Sh. sonnei > 200 
Proteus vulgaris (OX-19) > 200 1 
Pseudomonas aeruginosa > 200 ] 
* On nutrient agar plate. 
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When the medium consisted from 0.5% peptone and 2% agar was 
used in the pulp disc assay against B. subiilis, a partial inhibitory zone 
was recognized in the heigher concentration such as 16.5 mcg/ml. There- 
fore, the test was available for the assay of the antibiotic potency. 

The measurement of the antiviral activity was carried out according 
to the method presented in the previous paper”. When 10° TCIDso/ml. 
of virus was used as the inoculum, the minimal inhibitory concentration 
was 1.7—8.8 mcg/ml against Influenza A and B viruses, HVJ, and NDV 
as shown in Table III. 


Tassie ti 


Antiviral Spectrum of Myxovironycin Hydrochloride 





Tested virus Strain M.I.C. mcg/ml* 
PR8 8.8 
Influenza A 
FM1 1.7 
Influenza B Zee i 
HVJ Fushimi 4.3 
NDV 46-9674 8.2 


* The minimal inhibitory concentrations were determined by means of 
the tissue culture method. As the inoculum size of each of viruses, 10% 


TCID,.)/ml was employed. 


The LDs5o calculated with myxoviromycin was 20.4 mg/kg by subc- 
taneous injection in mice ‘weighing 10 g. 


TECHNICAL DETAILS 


Carbon chromatography : 

10g of crude myxoviromycin hydrochloride (crude preparation [) 
was dissolved in 40 ml distilled water and adjusted to pH 4.0. It was 
passed through a column (diameter 17 mm, length 40 cm) consisting of 
15 g Darco G-60 and 10g celite No. 545, followed by washing with 2% 
aqueous acetone. 

At various stages, the potency, the quantity of precipitate produced 
by AgNO,, the intensity in ninhydrin, biuret and Sakaguchi reaction 
were tested in every fractions. The experimental results are shown in 
Table IV. 

High potent fractions from No. 9 to No. 14 were collected, and evapo- 
rated in vacuo to dryness. ‘The residue was dissolved into anhydrous HCl 
methanol and poured into acetone. 2.1 g white myxoviromycin hydro- 
chloride precipitate (500 mcg/mg; crude preparation II) was obtained 
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TABLE IV 
Biological Activity and Some Chemical Reactions of 
the Fractions Eluated from Carbon Chromatogram 





Color reaction 


wht oe Ag. Ppt. : 
a Ninhydrin Biuret Sakaguchi 
| 10 0 dit _— = ae 
2 10 0 Ht — a - 
3 10 0 rm " 5 ” 
4 10 0 rm a ™ 
5 10 0 + ; 
6 10 0 ea 4 Pe 
7 10 0 i ee 2. 
8 10 0 * +4 aif st 
r] 10 20.0 44 4 h 4: 
10 10 25.0 ++ +4 _s +4 
1] 10 30.0 44 +4 -* 4h 
12 10 25.0 +t +4 . 44 
13 10 25.0 +4 +4 7 +4 
14 10 20.0 + 4 + mm 
15 10 1.0 +t “4. a 4 
16 10 0.1 } = + 
17 10 0.1 4 + > + 
18 10 0.1 } + = 4 
19 10 0.05 \ ~ 2 
20 10 0 + 4 dey i 
21 10 0 4 = _ 
22 10 0 + . = 
23 10 0 7 _ ae 


* The activity was shown as antibacterial potency. 


in recovery of 70°%. 
Myxoviromycin Reineckate : 

2.0 g of crude myxoviromycin hydrochloride possessing 400 mcg/mg 
potency (crude preparation II) was dissolved in 20 ml distilled water, 
250 ml aliquot of saturated ammonium reineckate solution was added, 
and the crude myxoviromycin reineckate appeared. The crude reineckate 
was treated with 200 ml distilled water at 45°c for 15 minutes, and filtered 
being kept in this temperature. The obtained filtrate was discarded 
because it had very low potency. ‘The insoluble residue was treated again 
with 200 ml distilled water at 60°C for 15 minutes and when it was filtered, 
deep redish platelet crystal (350 mcg/mg) appeared from the mother 
solution. ‘The same treatment was repeated 4 times, and 1.3 g of the 











i Ce | ee 




















101 


Antiviral Antibiotic, Myxoviromycin 





highest potent crystal (350 mcg/mg) were prepared. Its decomposition 
point was determined as 206-209°C. When the recrystalization was 
further carried out with water-methanol (1:1) solution, 1.1 g of crystal 
was obtained. The recrystallized reineckate had the same potency of 
350 mcg/mg but it became to decompose at 207-210°C. Even if the 
further recrystalization was repeated, the potency and the decomposition 
point did not change. The yield of myxoviromycin reineckate crystal 
was 48.0 %. 

Recovery of Myxoviromycin Hydrochloride from Myxoviromycin 

Reineckate : 

2.0 g myxoviromycin reineckate crystal (350 mcg/mg, dec. p. 207- 
210°C) was dissolved in 1200 ml distilled water at 50°C, and 6 ml of 6 M 
pyridine hydrochloride was added to it. The solution was filtered to 
remove an impotent precipitate. The active filtrate was adjusted to 
pH 7.0 and passed through a column of cation exchange resin “* IRC-50 ” 
(in sodium form) in an amount of 20 ml. After washing with distilled 
water to remove the surplus pyridine, the active agent was eluted with 
N 5 HCl from the column fractionally. The potent fractions were col- 
lected, decolorized and concentrated in vacuo to dryness. The residue 
was dissolved in a small volume of anhydrous methanol, and by pouring 
it into acetone, myxoviromycin hydrochloride precipitated with 74.0% 
yield. ‘The obtained pure hydrochloride showed a potency of 1000 mcg 
mg. 

Myxoviromycin hydrochloride was decomposed at 183—185°C. 
Hydrolysis of Myxoviromycin Hydrochloride : 

100 mg of the pure myxoviromycin hydrochloride was enclosed into 
a tube containing 4 ml of 6 N—HCI, and autoclaved at 120°C for 10 hours. 
After the treatment, the fluid was evaporated to dryness. The addition 
of water to the material and further evaporation were repeated more 3 
times to remove HCl completely. ‘The obtained hydrolysate was almost 
colorless and viscous containing small amount of needle crystals. It was 
strongly positive in ninhydrin, whereas negative in Fehling and Tollen’s 
tests. 

Two dimensional paper chromatography using butanol-acetic acid 
(4:1) and wet phenol as solvents was carried out with the hydrolysate. 
In the result, three ninhydrin positive spots appeared. One of them 
was a purple spot with Rf values of 0.40 and 0.65, therefore it was identified 
as alanine. The another purple spot with the Rf values of 0.54 and 0.70, 
was corresponding to either valine or methionine, but the chromatogram 
employing the material pretreated with H,O, showed that it was corre- 
sponded to valine. In both cases the spots were coinsided well with those 
of standard known preparations. The Rf values of the rest yellow spot 
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were 0.27 and 0.18, but there were no known amino acid, corresponding 


to it. 


SUMMARY 


Crude myxoviromycin hydrochloride was further purified by means 
of carbon chromatography according to the description of Carter, and 
crystalline reineckate was induced. ‘The recrysterized reineckate was con- 
verted to the pure hydrochloride. 

The antibacterial activity of the hydrochloride was quite low. In 
a concentration of 62.5 mcg/ml it inhibited B. subtilis (PCI 219) and 
S. lutea (Hata), and in 250 mcg/ml inhibited S$. lutea (Hosoya) on an 
agar plate. 

Myxoviromycin hydrochloride showed a minimal inhibitory concen- 
tration for growth of MNI group viruses in vitro as follows: 8.8 mcg for 
Influenza A (PR 8), 1.7 mcg/ml for Influenza B (Lee), 4.3 mcg/ml for 
Sendai virus (Fushimi) and 8.2 mcg/ml for NDV (46-9674). 

Myxoviromycin hydrochloride had a delayed toxicity, the LD59 was 
20.4 mg/kg in ddD mice by subcutaneous injection. 

In the hydrolysate of the antibiotic, three ninhydrin positive sub- 
stances were recognized in its paperchromatography, and two spots of 
them were corresponded to f-alanine and valine respectively, but the rest 
was not identified. 

The author wishes to express his sincere thanks to Prof. M. Kuroya for his 


kind guidance. 
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